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The Long-Term Prognosis Following 
Myocardial Infarction, and Some 
Factors which Affect It 


By Davin R. Cos, M.D., Evetyn B. Srneran, M.D., Anp Louis N. Karz, M.D. 


This study was undertaken to establish the long-term prognosis of the initial attack of myocardial 
infarction. For this purpose, 285 patients who had their initial attack between 1932 and 1942, 
and who survived the first two months, were followed until their demise or the end of the study 
(Jan. 1, 1952). Two-thirds of them were found to have lived over 5 years, two-fifths over 10 years 
and one-tenth over 15 years. Some of the factors which determine long-term survival were analyzed. 
The importance of recognizing the presence of a large group of mild cases of myocardial infarction 


capable of long-term survival is stressed. 


HE primary purpose of this survey is 

to determine the long-term prognosis 

following the first attack of myocardial 
infarction. The cases employed in this study 
were carefully selected. Only those in which 
the attacks were definite first attacks were 
chosen. (This has not always been carefully 
checked in other surveys.) Many earlier anal- 
yses of this condition,''’: ” including those 
from this department,'**' have permitted an 
adequate evaluation of the mortality over 
the first few years after the attack. They have 
not been so reliable for the survival period 
beyond five years because the number of cases 
followed have been too few. The present anal- 
ysis of a follow-up on several hundred cases 
over a period of five or more years serves to 
determine the ultimate prognosis in recent 
myocardial infarction, and to clarify some of 
the factors involved in such prognosis. This 
should provide a basis for evaluating the 
benefits of therapy and management. 





From the Cardiovascular Department, Medical 
Research Institute, Michael Reese Hospital, Chicago, 
Tl. 

Aided by the Loewentha!l Fund and the Michael 
Reese Research Foundation. 


No attempt will be made to survey the litera- 
ture as this has been done in an earlier report 
from this department.'® In general the results 
on mortality over the first few years confirm 
and extend the previous work of the depart- 
ment!*!; exceptions will be noted as details 
are presented. However, this study defines 
clearly the long-term prognosis beyond five 
years, for which the data in our previous 
reports were not adequate. 


MeEtTHOopD 


The cases were selected from the electrocardio- 
graphic files of the Heart Station at Michael Reese 
Hospital for the period from 1932 through 1941. In 
the first screening, 807 cases were selected as possible 
recent myocardial infarction on the basis of the inter- 
pretation on the file card. A re-examination of the 
electrocardiograms of these selections resulted in the 
exclusion of 88 cases about which doubt existed. 
After careful examination of the clinical records, 196 
more cases were excluded as not being cases with 
their first episode of acute myocardial infarction. 
Some of these discarded cases were instances of 
healed infarction or of chronic coronary insufficiency ; 
others had evidence of previous attacks of recent 
myocardial infarction prior to the one listed. In 62 
instances case histories were incomplete or were not 
found; these were also discarded. There remained, 
therefore, 461 definite cases of first acute myocardial 
infarction suitable for the follow-up study. 
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TaBLe 1.—Life Span of 285 Cases Who Survived the 
First Two Months After the First Myocardial 
Infarction 


% Total 
Group 
(285 Cases) 
Studied 


| 5 years 66.6 
Survival over \ 10 years 43.9 


(15 years ‘ 10.2 


Average 
Survival 
Period 
(years) 


Cases who died after the first 2 

months 5.6 
Cases alive at end of study (Jan. 
All eases surviving beyond first 

WME icnh chs une so ouoss sae ; 8.2* 


* Further follow-up until all of these patients 
succumbed would obviously prolong the average life 
span in these groups. 


Of the 461 cases chosen for study, 105 died within 
the first two-month period, considered to be the 
period of immediate mortality. The 356 cases who 
survived beyond this two-month period were fol- 
lowed-up by personal contact, by mail or by reliable 
information obtained from hospital and attending 
physician’s records. In 285 of these 356 survivors, 
the follow-up was complete to the patient’s demise, 
or in those still alive, until the time of completion of 
this study (Jan. 1, 1952). The analysis presented is 
concerned with the 285 cases completely followed-up 
and the 105 cases who died during the first two-month 
period after the attack, a total of 390 cases. 

To simplify the analysis, the survival periods were 
divided as follows: (a) the period up to two months 
after the onset of the acute attack—immediate 
mortality period; (b) the period over two months 
up to five years—short-term survival period; (c) the 
period over 5 years up to 10 years, and (d) the 
period over 10 years—long-term survival periods. 
Some of the conditions preceding this attack, 
occurring immediately after the attack and found 
afterwards, were considered, and the relation of their 
effect on prognosis, especially the long-term prog- 
nosis, was analyzed. 


RESULTS 


The pertinent data is summarized in tables 
1 to 15. A commentary on this data is given 
below together with other significant facts. 
The interpretation of this data will be deferred 
until the Discussion. 


I. Survival 


The immediate mortality (within the first 
two months) was 23 per cent (105 of 461 cases), 
The life span for the 285 completely studied 
cases surviving beyond the two months is 
shown in table 1. Two-thirds of these patients 
lived over 5 years after the original infarction, 
two-fifths lived more than 10 years, and one- 
tenth lived over 15 years. The 196 cases who 
had died after the first two months, had lived 
five and one-half years on the average. The 
other 89 who were still alive at the completion 
of this study had lived 14 years on the average. 
The life span for all 285 cases was slightly over 
eight years on the average. The average life 
span for the entire group of 390 cases (includ- 
ing those who died in the first two months) 
was slightly over six years. 


IT. Factors Occurring before or during the Attack 
that Influence Survival 


Age. Table 2 summarizes the average age 
at the time of the first myocardial infarction 
in the groups surviving various periods. Males 
had their first attack of myocardial infarction 
at an earlier age than females (55 versus 
60 years). Table 3 shows that 39 per cent of 
cases were 60 years or over, 39 per cent were 
between 50 to 59 years of age and 22 per cent 
were under 50 years of age. 

The average age of the 105 cases who died 


TABLE 2.—Age at Onset of First Myocardial Infarct 
and Effect of Hypertension and Diabetes Mellitus 
Upon Age—in Relation to Sex and Length of Sur- 
vival 


. . " Av. age of 
Av. age of Av. age of ee 


entire 105 cases c 

series (who diedin a ie 
(390 cases)|first 2 mo. than 10yrs 

(years) (years) (years) 


All cases a 59.8 5 
Male cases 58.5 5 
Female cases............. 60.1 62.9 5 


5 


All hypertensives 58.5 60.5 
Male hypertensives...... 56.6 — 

Female hypertensives 61.5 

All diabetics 58.1 58.5 
Male diabetics............| 57.6 — 

Female diabetics 
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TaBLE 3.—Distribution of Patients by Sex and Age at Time of Onset of First Myocardial Infarction 
in Relation to Survival Period 





(years) 


20-39 | Male 
Female 
Both 
Male 
Female 
Both 


Survived over 


Age Died in first | 
3 2 mos. 2 mos. up to 


| 
Survived over | Survived over | Total 
5 yrs. 5 up to 10 yrs. 10 yrs. | 9 os) 2 


1 


1 15.4 
2 





12 
4 
16 








50-59 
Female 
Both 





32 
8 
40 





Male 
Female 
Both 





Male 
Female 
Both 


18 
17 
35 


Total number of all ages 


Female 


within the first two months was 60 years while 
the average age of the 125 cases who survived 
longer than 10 years was 53 years (table 2). 
This age differential in favor of long-term sur- 
vival applied to both males and females (ta- 
ble 2). 

Sex. Table 3 summarizes the sex distribution 
at variousages and for different survival periods. 
In this series, the ratio of males to females was 
2.6 to 1. This is a lower male dominance than 
that reported by other observers.” > 7) 8 
Under the age of 60, males dominated over 
females by a ratio of 4.6 to 1; over 60 years 
of age the dominance was much less, being 1.3 
to 1. In the group which succumbed in the 
first two months, 70 per cent were males, in 
the group which survived over 10 years, 74 per 
cent were males, and in the group which sur- 
vived more than 15 years, 83 per cent were 
males. A greater number of males than females 
were in the younger age group at the time of 
their first infarction. 

Hypertension. Those patients who, prior to 
or during the entire first two-month period of 


9% | 65 125 390 
71.5% 72.3% 74.4% | 72.3% 
28.5% | 27.7% 


25.6% | 27.7% 


their myocardial infarction, had a diastolic 
pressure of 100 mm. Hg or over and a systolic 
pressure of 150 mm. or over were considered to 
have had pre-existing hypertension. 

The average age of these patients is given in 


TABLE 4.—The Frequency of Complications Before or 
During the Acute Attack and Their Sex 
Distribution 


Males Both Sexes 
Complication ee a 
No. of o, | No.of os 
cases 40 | cases /o 


Females 


No. of cases 


Hypertension...| 106 | 69 | 35.4 175 
Diabetes mel- 
31 | 49.2 63 


62 | 26.5 234 


44 | 30.6 
21 | 25.3 83 


5 | 26. 19 
Acute diffuse | 
pericarditis. .| 32 2. EL |} 22: 43 


All cases. . / 282 | 72. 27. 
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TaBLE 5.—Relative Frequency of Complications Before or During Acute Attack in the Several Groups Classified 
According to Period of Survival 


Died in first Lived over 2 
2 mos. mos. up to 5 
(105 cases) yrs. (95 cases) 


Lived over 5 
yrs. up to 10 
yrs. (65 cases) 


All groups 


Lived over 10 
(390 cases) 


yrs. (125 cases) 
Complication 


No. of oO No. of oO No. of oO No. of 


o No. of 
cases . 


cases ” cases ’ cases ad cases 


Hypertension 175 | 45.0 | 52 

Diabetes mellitus 63 | 16.1] 21 
Angina pectoris a 234 60.0 | 69 
Congestive failure 144 | 36.6 | 75 
“Shock”’ 83 | 21.2} 45 
Pulmonary embolism....... 19 4.8 | 12 
Gallop rhythm 27 6.9 | 13 


g 


52 D4 .8 41 63. 30 
18 13 y 11 
67 41 3. 57 
42 2 10 we 17 
14 : 8 15 
6 De : 1 
9 9. 2 } 8 3 2.¢ 


-~I1 & to 
Has 


— — — 


“IN — bt 


Acute diffuse pericarditis 43 | 11.0) 18 





table 2, the sex distribution in table 4 and the 
distribution by periods of survival in table 5. 
Of the 390 cases studied, 45 per cent were hy- 
pertensive (table 5). All of the subgroups, ex- 
cept the one with survivals over 10 years, had 
a higher frequency of hypertension than the 
entire group. Thus, 50 per cent of cases who 
died in the first two months, 55 per cent of the 
cases who lived from more than two months 
up to five years, and 64 per cent of the cases 
who lived from more than 5 years up to 10 
years were hypertensive (table 5). On the other 
hand, only 24 per cent of the cases who sur- 
vived over 10 years were hypertensive. 

The average age of patients with hyperten- 
sion at the time of the original attack is greater 
than the average for all cases, and this is true 
for both males and females (table 2). It was 
found that 52 per cent of the cases 60 years of 
age or over were hypertensives compared with 
30 per cent among those under 50. Further- 
more, 65 per cent of all hypertensives were 
male compared with 72 per cent for the entire 
group (table 4). Over the age of 60, 55 per cent 
of the hypertensives were female compared 
with 43 per cent of all cases over 60. 

Diabetes Mellitus. It was found that 16 per 
cent of the cases (63 of 390) had diabetes mel- 
litus. As table 5 shows the distribution in the 
first three survival groups was about the same, 
namely, 20 per cent in the immediate mortality 
group, 19 per cent in the group living from 
more than two months up to five years, and 
20 per cent in the group living from more than 
5 years up to 10 years were diabetics. But, only 


7 4 1| 14 | 1: 





9 per cent of those who survived more than 10 
years had diabetes. 

The average age of the diabetics was 58 years 
compared with 57 years for all cases (table 2). 
There were only seven diabetics with infare- 
tion developing under the age of 50, and no 
diabetic with infarction was found under 40 
years of age. It was noted that 49 per cent of 
the diabetics were females as compared with 28 
per cent of the entire group (table 4), and 61.5 
per cent of the diabetics over 60 were female 
compared with 43 per cent of all cases over 60. 
Male dominance is decidedly decreased in the 
diabetics. Of 11 diabetics who survived over 
10 years, only 45 per cent were male, whereas 
in the entire group surviving over 10 years, 
74 per cent were males. 

Angina Pectoris. Angina pectoris was pres- 
ent in 60 per cent (234 of 390) of cases before 
the first attack of myocardial infarction. Table 
5 shows that 66 per cent of those who died in 
the first two months after infarction, 70 per 
cent of those who lived over two months up 
to five years, and 64 per cent of those who lived 
over 5 years up to 10 years had angina pec- 
toris, while 46 per cent of those who lived over 
10 years had angina. The sex distribution of 
those with angina is little different from that 
for the entire group (table 4). 

In 199 of the 234 cases with pre-existing 
angina pectoris the interval from the onset of 
angina to the appearance of the first myocar- 
dial infarct was known. Of these 199 cases, 47 
per cent had angina less than one year and 53 
per cent had it for a year or more. Table 6 
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shows that those who had angina for the longer 
period had a better immediate and long-term 
prognosis than those who had it for the shorter 
period. Thus, in the latter group 37 per cent 
died within two months, and 24 per cent lived 
over 10 years, while in those who had angina 
for over one year 29.5 per cent died within two 
months and 28.5 per cent lived more than 10 
years. 

Congestive Failure. Table 5 shows that 37 
per cent (144 of 390) of the cases had conges- 
tive failure during the first acute attack of in- 
farction. The proportion was much higher in 
those who died in the first two months, namely, 
71 per cent. It declined as the period of survival 
increased. Thus, 44 per cent of those who sur- 
vived from more than two months up to five 
years, 15 per cent of those who lived from more 
than 5 years up to 10 years, and 14 per cent of 
those who lived more than 10 years were in 
congestive failure at the time of the acute at- 
tack. 

Congestive failure occurred more frequently 
during the attack in the older age groups, the 
incidence being 45 per cent in patients over 60 
years of age, as compared with 37 per cent in 
cases of all ages. The sex distribution of pa- 
tients with congestive failure during the acute 
attack was 69 per cent males and 31 per cent 
females, the male dominance being slightly less 
than in the over-all series (table 4). 

“Shock.” The criteria used to define “shock” 
are those previously employed in this depart- 
ment.!? Table 5 shows that 21 per cent (83 of 
390) of the cases were in ‘“‘shock” at the time 
of the first episode of infarction. “Shock” was 
found frequently (43 per cent) in the group who 
died within the first two months following the 
attack. But only 15 per cent of those who lived 
over two months up to five years, 14 per cent 
of those who lived over 5 up to 10 years, and 
12 per cent of those who lived over 10 years 
were in ‘‘shock”’ during the acute attack. 

The age distribution of the “‘shock”’ patients 
was similar to that of the entire group. Thus, 
25 per cent of the patients over 60 years of age 
were in “shock” at the time of infarction, com- 
pared with 21 per cent of all 390 cases. There 
was a slightly higher male dominance in the 


TaBLE 6.—Duration of Angina Pectoris Prior to 
Myocardial Infarction in Relation to Immediate 
Mortality and Prolonged Survival 


Cases dead | Cases alive 
Total within 2 Mos.| over 10 yrs. 


| No. No. 
| No. of cases of % of % 
cases cases | 


| 


70 


Angina pectoris. 
present less | 
than 1 yr. | 
prior to in- | 


farction 94 (100%) | 35 | 37.2 | 23 | 24.4 


Angina pectoris 
present 1 yr. 
or more prior 
to infarction.| 105 (100%) | 31 | 29.5 | 30 | 28.5 


patients with ‘‘shock”’ at the time of infarction 
than that found for the whole series (table 4). 

Pulmonary Embolism. The initial myocar- 
dial infarction occurred in the patients in this 
series before anticoagulant therapy had been 
widely instituted. Table 5 shows that 5 per cent 
(19 of 390) of all cases had evidence of pulmo- 
nary embolism as a complication of the acute 
attack during the first few weeks of their hos- 
pital stay. The frequency of occurrence of this 
complication was greatest (11 per cent) in the 
cases that died in the first two months. It oc- 
curred in 6 per cent of those who survived over 
two months up to five years, in none of those 
who lived over 5 years up to 10 years, and in 
1 per cent of those who lived over 10 years 
(table 5). The sex distribution of those with 
pulmonary embolism was similar to that of the 
over-all group (table 4). 

Gallop Rhythm. Gallop rhythm was present 
at the time of hospitalization for acute infarc- 
tion in 7 per cent (27 of 390) of the cases (ta- 
ble 5). It was noted at the time of infarction in 
12 per cent of those who died in the first two 
months and in 9 per cent of those who survived 
over two months up to five years; by contrast, 
it occurred in only 3 per cent of those who sur- 
vived over 5 years up to 10 years, and in 2 per 
cent of those who survived over 10 years. 

Acute Diffuse Pericarditis. The typical elec- 
trocardiographic pattern, a pericardial friction 
rub not confined to the infarcted area, or both 
were considered evidence of acute diffuse peri- 
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TaBLeE 7.—Relation of Several Factors to Immediate 
Mortality and Prolonged Survival 


Dead in| Lived 
Total | first 2 | over 10 
mos. %| yrs. % 


A. Rest, exercise or emotional state at onset 
of infarction 





DN Se ee Bae oie oe fans 37 =| 51.3 | 29.8 
ISS Site ot een ee ee 32 9.4 | 43.7 
eg wks 21 14.3 | 38.1 


MRS Sep cahceo sees’ 


B. Abstinence from or use of tobacco prior 
to the infarction 


PIII ose oc cca wiedes 17 29.4 | 29.4 
Moderate smokers..............| 31 9.6 | 41.9 
Heavy smokers... .....0....++. 21 | 14.3 | 57.0 


C. Abstinence from or use of alcohol prior 
to the infarction 


PER ING 65a case doos ceGaeuks 16 6.2 | 45.0 
Drinkers 
carditis. Table 5 shows that 11 per cent (43 of 
390 cases) had this complication during the 
acute attack. This table also shows the distri- 
bution in the several survival period groups. 
Acute diffuse pericarditis had little effect on 
the immediate and long-term prognosis. Peri- 
carditis was more common in the younger age 
groups. Only 12 per cent of the instances of 
pericarditis occurred in patients over 60 years 
of age, whereas 39 per cent of all cases were 
over 60 years. There was no deviation in sex 
distribution of the pericarditis cases from that 
seen in the whole series (table 4). 

Stress at Time Onset of Attack. The presence 
or absence of physical or emotional stress at 
the time of onset of the first attack was noted 
in 90 cases. Table 7 shows that of those who 
were at rest at the time the acute infarction 
occurred, 51 per cent succumbed in the first 
two months, while 30 per cent survived more 
than 10 years; the other 19 per cent survived 
more than 2 months up to 10 years. The reverse 
was true of patients who were under physical 
or emotional stress at the onset of the acute 
infarction. In these 9 per cent and 14 per 
cent, respectively, succumbed in the first two 
months, whereas 44 per cent and 38 per cent, 
respectively, lived over 10 years. 

Smoking. The abstinence from, or the use of, 
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tobacco prior to the attack was mentioned ii 
69 cases. A person who smoked more than on: 
pack of cigarettes or more than five cigars ; 
day was considered to be a heavy smoker, othe 
smokers were considered to be moderate smok 
ers. Table 7 shows that nonsmokers did no 
have a better prognosis than smokers. In fact 
the contrary is suggested, namely that smoker 
who develop myocardial infarction are mor 
apt to live longer than nonsmokers. No fina 
conclusion however, can be drawn on the rok 
of smoking from so small a series. 

Alcohol. The abstinence from, or the use of, 
alcoholic beverages prior to the attack was 
mentioned in 39 cases; 16 were nondrinkers and 
23 used alcohol. Table 7 shows the distribution 
between these two groups in the patients who 
died within two months of their infarction and 
in those surviving over 10 years. The slight dif- 
ference in distribution, considering the small 
number of cases surveyed, prevents drawing 
any conclusions concerning the role of the use 
of alcohol before infarction in long-term sur- 
vival after infarction. 

Body Build. In 237 cases there was mention 
of the state of nourishment. Of these, 31 per 
cent were obese, 61 per cent were well de- 
veloped and well nourished, and 8 per cent were 
thin. It is apparent that myocardial infarction 
was more frequent in the well nourished and 
well built than in thin persons. However, the 
body build as defined here had little effect on 
long-term prognosis. Thus, 36 per cent of the 
obese, 34 per cent of the well developed and 
well nourished, and 27 per cent of the thin 
people survived over 10 years. 

Laboratory Findings. The nonprotein nitro- 
gen was elevated during the acute episode in 
7 per cent of cases (29 of 390). This was found 


TABLE 8.—Relation of Immediate Mortality and Long- 
Term Survival to the White Blood Count (Average 
for First Week after Acute Myocardial Infarction) 








Died in first 


Pre |Lived over 10 yrs. 


© FF (125 cases = 
(105 cases 700%) 100%) 
No. of | No. of | 
in- % in- | % 
stances stances 
WEC below 10,000........ 9 8.6 | 34 27.2 


WEC above 15,000....... 34 | 32.3 | 24 | 19.2 











a a 
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TaBLE 9.—Relation of Immediate Mortality and Long-Term Survival to the Type of Infarct Pattern Registered 
in the Electrocardiogram 


Infarct Type 


Anterior 
Posterior 
Anteroseptal | 23 
Posteroseptal 15 
Anterior plus Posterior | 21 
Lateral 4 
PE ooo oa Nic ce test ci sired hate ard Seteeieval 27 


NSS ot a Seta ta Paella rg oa) 390 


in 18 per cent of those who died in the first 
two months and in only 3 per cent of those who 
survived over 10 years. In table 8 are shown 
the average of the values for the white blood 
cell count (WBC) obtained during the first 
week following the attack. It will be seen that 
of those who died in the first two months, 32 
per cent had a white blood cell count above 
15,000 and only 9 per cent had a count below 
10,000. Of those who survived over 10 years, 
19 per cent had a white blood cell count above 
15,000 while 27 per cent had a count below 
10,000. 

Electrocardiographic Patterns. The frequency 
of the types of electrocardiographic infarction 
patterns is shown in table 9. It will be seen that 
43 per cent of all the cases were of the anterior 
wall type, 34 per cent were of the posterior, 10 
per cent showed septal involvement, and 8 per 
cent were atypical patterns. When the relative 
immediate mortality of each of these groups 
was compared, it was found to be highest in the 
atypical pattern group. Of this group 41 per 
cent died in the first two months. Those cases 
with septal involvement had a mortality rate 
in the first two months of 34 per cent while 
those with posterior and anterior wall patterns 
showed a mortality in the first two months of 
29 per cent and 22 per cent, respectively. 
Hence, the immediate mortality rate was some- 
what worse in those with atypical patterns and 
in those with septal involvement. There was 
also a greater immediate mortality rate in those 
with a posterior wall pattern than in those with 
anterior wall pattern. However, the rate of 


No. of cases 


Died in first 2 mos. Survived over 10 yrs. 


No. of % of total | No. of 


cases with , 
cases this pattern cases 


% of total 
cases with 
this pattern 


166 (42.5%) 37 22.3 33.1 
134 (34.3%) 39 29.1 32.9 


(9.5%) 13 34.2 18.3 


(5.3%) 5 23.8 36.6 
(1.0%) 0 0.0 50.0 
(7.9%) 1 40.7 33.0 





(100%) 105 


survival of more than 10 years was the same, 
33 per cent, in the cases with anterior and pos- 
terior wall patterns. The lowest survival rate 
over 10 years was among those who had septal 
involvement (18 per cent). The proportion of 
patients with atypical infarct patterns who 
lived over 10 years was the same as for patients 
with anterior and posterior wall patterns (33 
per cent). Those with atypical electrocardio- 
graphic patterns include two widely different 
types of cases, one with so extensive an involve- 
ment that the pattern becomes atypical and 
the other with involvement so limited in ex- 
tent as not to lead to the full-blown patterns. 
Thus, subendocardial infarction, in which there 
is no through-and-through infarct, was listed 
with atypical patterns. There were a total of 10 
subendocardial infarct patterns, six among the 
long-term survivors; only one died in the first 
two months. The better prognosis in subendo- 
cardial infarcts explains the high incidence of 
long-term survival in the atypical group. If the 
subendocardial infarct patterns are excluded 
from the atypical pattern group then only 12 
per cent of the patients with atypical infarcts 
survived over 10 years, and 65 per cent died in 
the first two months. 

Disturbances in Impulse Origin and Conduc- 
tion. The types of arrhythmias analyzed are 
listed in table 10. Ectopic rhythms were en- 
countered in 20 per cent (78 of 390) of the cases; 
several had more than one type, so that 90 in- 
stances of ectopic rhythm were seen. The three 
most common ectopic rhythms, in order of fre- 
quency, were ventricular premature systoles, 
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TABLE 10.—Types of Arrhythmias and Conduction 


No. of 
instances 


Ventricular premature systoles............. 32 
Auricular premature systoles........ 15 
Nodal premature systoles. 
Auricular fibrillation. .. 
Auricular flutter... 
Ventricular paroxysmal tachycardia 
Auricular paroxysmal tachyeardia....... .. 
Nodal paroxysmal tachyeardia............. 
Nodal rhythm... 
Auriculoventricular disso 
tachycardia 
Ventricular fibrillation 


Total with ectopic rhythm 


Defects Encountered at Time of Acute Myocardial Infarction 


_ No. of 
instances 


Auriculoventricular block 
Intraventricular block 
Sino-auricular block 


Total with block...... 


TABLE 11.—Distribution of Cases with Ectopic Rhythms at Time of Infarction among the Several Infarct 


Infarct Type Anterior Posterior 


NOPE GRNOE8.. 6.565 28 


% of cases of this 
pattern with ec- 
topic rhythm 8 20.1 39.1 


auricular fibrillation and auricular premature 
systoles. Table 11 shows the distribution of the 
arrhythmias in the several types of electro- 
cardiographic patterns. The percentage was 
highest in the group with anteroseptal pattern 
(39 per cent), and next in the group with atypi- 
cal patterns (26 per cent) and in the group with 
a combined anterior and posterior pattern (24 
per cent). Only 13 per cent of the group with 
posteroseptal pattern had such _ ectopic 


TABLE 12.—Relation of Frequency of Ectopic Rhythms, 
Intraventricular Block and _ Auriculoventricular 
Block at Time of Infarction to the Several Survival 
Groups. 


| : ra 1 
| - 4 | Lived ' 
Died in — | over 5 | Lived _ ; 
mei | yrs. up | over 10]. iy 
| “mos. |™°S- UP! “to19 | yrs. [Survive 
jto Syrs.| yg * | groups 
od 


Ectopic rhythms 
Intraventricular 
Dan eres 


Auriculoventricu- | 
lar block 





Anteroseptal 


Pattern Types 


| 
Anterior and 


| . 
Posteroseptal ~ sae 


Atypical Lateral 


2 5 


13.3 23.8 25.9 


rhythms, and none occurred in the group with 
lateral pattern. There was a slightly greater 
incidence of ectopic rhythms among the group 
with a posterior wall pattern (20 per cent) than 
in the group with an anterior pattern (17 per 
cent). 

Of the 78 cases with ectopic rhythms, 23 died 
in the first two months, 31 lived over two 
months up to five years, 11 lived over 5 years 
up to 10 years, and 13 lived over 10 years (ta- 
ble 12). The majority of cases with ectopic 
rhythms died in the first two months or sur- 
vived over two months up to five years. The 
percentage of all 390 cases dying in the first 
two months was also large, hence the presence 
of such arrhythmias actually did not affect the 
possibility of immediate mortality as much as 
that in the short-term survival period. How- 
ever, the outlook for survival over five years 
was not good in the presence of ectopic rhythms 
as a complication of the acute attack. None of 
the six cases of ventricular paroxysmal tachy- 
cardia lived over five years, two dying within 
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the first two months. None of the three patients 
‘ith auricular paroxysmal tachycardia sur- 
-ived more than five years. Eight of the 20 
-ases with auricular fibrillation died within two 
10nths and nine more died within five years. 
‘our of the five cases with auricular flutter 
lied within five years, two within two months. 

As noted in table 10, 38 cases had intraven- 

ricular block. About two thirds of the in- 
tances of this disturbance occurred in patients 
n whom septal involvement was diagnosed. 
Survival of the patients with intraventricular 
lock is noted in table 12. Only nine lived over 
ive years. 

There were 28 cases of auriculoventricular 
vlock which, as shown in table 12, was approxi- 
mately equally distributed among each of the 
survival groups. There was considerable varia- 
tion in the degree of block in each of the cases 
at different times, and no attempt was made 
to classify it. Half of the 28 cases of auriculo- 
ventricular block were found among those with 
posterior wall infarct patterns. 


III. Rehabilitation of Patients Surviving the 


First Myocardial Infarct 


Angina Pectoris. The presence or absence of 
angina pectoris following discharge from the 
hospital after the original attack was noted in 
233 of 285 cases. The presence of angina after 
recovery was noted in 71 per cent (159 of 233) 
of these cases. Of those who survived more than 
10 years 63 per cent had angina, as compared 
with 80 per cent of those who survived from 
two months up to five years. Obviously, angina 
pectoris after recovery from infarction was 
prevalent in all groups of cases, but it was more 
frequently present in those surviving the 
shorter period. 

Dyspnea. Information concerning the pres- 
ence or absence of dyspnea after discharge from 
the hospital following the original attack was 
available in 214 of the 285 cases. The complaint 
of dyspnea after recovering from the infarction 
was obtained in 76 per cent (162 of the 214) of 
the cases. Of those who survived over 10 years 
69 per cent noted such dyspnea in contrast 
with 82 per cent of those who survived from 
two months up to five years. It is evident that 
although a large majority of patients noted 


TaBLeE 13.—The Extent of Activity (Classified Accord- 
ing to the Criteria of the American Heart Association) 
among 244 Survivors of the First Attack of Myocardial 
Infarction in Relation to the Period of Their Sur- 
vival. 











Survival | Survival | 
of more of more | Survival 
Degree of activity than 2 than 5 over Total 
mos. up to | yrs. up to 10 yrs. 
5 yrs. 10 yrs. 


Grade IV 2 2 26 
Grade III ¢ 19 24 62 
Grade Il.......0...% 24 53 97 


11 42 59 


dyspnea in the period following recovery from 
the original infarction, it was more prevalent 
in those who survived the shorter period. 

Activity. Reports were obtained about 244 of 
the 285 survivors on the state of their activity 
following recovery from the initial attack. The 
results were classified according to the criteria 
of the American Heart Association (table 13). 

Of these 244 cases 24 per cent were able to 
return to grade I activity, 40 per cent to grade 
II activity, and 25 per cent to grade III activ- 
ity. Twenty-six cases, 10.5 per cent, were lim- 
ited to grade IV activity; the vast majority of 
these, 22 cases, survived from two months up 
to five years. Some of these were bedridden for 
months, right from the start of their infarction. 
By contrast, of those who could return to full 
activity, 71 per cent (42 of 59) survived over 
10 years. 


IV. Cause of Death 


The vast majority, 196 of the 285 cases fol- 
lowed-up were dead at the completion of the 
study. Table 14 shows the cause of death in 171 
cases in which it was known. By far the greater 
percentage died of heart disease and its com- 
plication. Acute myocardial infarction (second, 
third or fourth attack) accounted for 55 per 
cent of the known deaths, and congestive fail- 
ure accounted for another 17 per cent of the 
deaths. Only 10 per cent of the deaths of known 
cause could not be reasonably attributed to a 
cardiovascular complication. 

Table 15 shows that a total of 126 cases had 
a total of 161 subsequent infarcts of the heart 
following the original one; 98 of the patients 
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TaBLe 14.—Cause of Death Following Initial Myo- 
cardial Infarction (in 171 cases in which the infor- 
mation was obtained) in Relation to Survival Period 


| 1 

| Cases liv- | Cases liv- Cases 
| ing over 2 | ing over5| living 
| mos.up | yrs. up over 
| toSyrs. | to 10 yrs. 10 yrs. 


Cause of Death Total 


| 
| 
| 


cardial infare- 
On 4 0s 
Congestive heart 
failure..... 
Cerebrovascular | 
accident... .| + 
Arteriosclerotic | 
heart disease. . 


Subsequent myo-| 


46 








bt « 4 

Other causes of death were: carcinoma, 11; dia- 
betic complications, 3; uremia, 3; pneumonia, 3; 
pulmonary embolus, 2; renal tuberculosis, 1; Hodg- 
kins disease, 1; gangrene of legs, 1; pernicious 
anemia, 1. 


TaBLe 15.—The Incidence of Infarctions, Subsequent 
to the First, in Relation to the Time of Their 
Occurrence and Their Mortality Rate 





In cases which survived 
Over2 | Over5S | 
mos. up | yrs. up to 
to 5 yrs. | 10 yrs. 


Over 10 


yrs. Total 


after the first infarct 


No. of 2nd infarcts 

PR, .-.+<5..+ 48 | 23 14 
Nonfatal*....... -| 6 10 | 32 
Mortality rate...| 87.2% | 70.0% | 30.4% | 


No. of 3rd infarcts 


! 


Fatal®..5.50s5c.4 8 | 6 
Nonfatal*....... 1 2 
Mortality rate...) 83.3% | 75.0% 


No. of 4th infarcts 





Fatal* 1 
Nonfatal* 14 


Mortality rate...| 0.0% | 50.0% | | 42.8% 





Total no. of subsequent infarcts 





130 «=6l asf 94 
Nonfatal*........} 13 | 46 67 


Mortality rate...| 85.2% | 69.9% | 28.1% | 59.0% 
| | 
*In these subsequent infarcts, death was attrib- 
uted to the infarct if death occurred immediately 
(within the first two months) after its onset. 


had a total of two infarcts, 21 had three in- 
farcts and 7 had four infarcts. Table 15 shows 
that the mortality rate from the second infarc 
is much higher than that from the third an 
fourth infarct. Of the second infarcts 62 pe 

cent were immediately fatal (within tw 

months), while only 46 per cent of the thir 
infarcts and 43 per cent of the fourth infarct 

were fatal within two months. In all of thes 

the mortality rate in the first two months wa 

much higher than the 23 per cent mortality en 
countered in this study after the first infarction 
Also striking is the fact that immediate mor 
tality was greatest in those who had their sub- 
sequent infarct within five years of the first 
infarct, and least in those who had their subse- 
quent infarct after a lapse of 10 years. 


DIscUSSION AND SUMMARY 


The life expectancy following recovery from 
the first attack of myocardial infarction is bet- 
ter than had previously been reported.'*'* In 
this series two-thirds of the 285 patients who 
recovered survived more than five years, two- 
fifths lived over 10 years, and one-tenth of the 
cases lived more than 15 years. The average 
survival time including those who were still 
alive at the end of the study was more than 
eight years. As time passes, the average sur- 
vival period for the whole series will increase 
year by year until every survivor succumbs. 
Obviously, the life expectancy is determined 
in part by the age of the patient, irrespective 
of the occurrence of myocardial infarction. The 
older patients would thus have a shorter ex- 
pectancy, depending on their age. Long-term 
survival may therefore be limited by this age 
factor in the older patients, rather than entirely 
by the occurrence of a myocardial infarction. 

In this study it was shown, on careful analy- 
sis of a large sample of cases surviving their 
first myocardial infarction, that the survival 
time is longer on the average than was indi- 
cated in earlier studies in which the number of 
cases followed over many years was smaller 
and the identification of the time of occurrence 
of the first myocardial infarction was not so 
clearly established. As our diagnostic arma- 
mentarium improves, more benign forms of 
myocardial infarction are recognized. The pres- 
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nce of such cases in long-term follow-up analy- 
es tends to improve the outlook of surviving 
‘cases of myocardial infarction. This trend to rec- 
ygnize benign forms of acute myocardial infarc- 
tion must alter the concept of the seriousness 
of coronary disease. Coronary artery disease 
and atherosclerosis includes a sizable number 
of very chronic cases which survive many years 
as well as the immediately fatal cases and 
those surviving for only a short term. Any new 
procedure, whether medical or surgical, sup- 
posedly prolonging the life of surviving myo- 
cardial infarction patients must be evaluated 
in terms of the more protracted expectancy now 
being revealed as occurring under the past and 
current concepts of management. 

The immediate mortality during the first 
two months after the attack was 23 per cent. 
Obviously, many cases of recent myocardial in- 
farction succumb before they reach a hospital 
and have an electrocardiogram taken. Others 
do not have a characteristic clinical picture or 
electrocardiogram and thus may be overlooked. 
The immediate mortality presented, therefore, 
applies only to the restricted circumstances of 
selection. It is, however, useful practically be- 
cause this group which we selected is the group 
for whom immediate therapy is planned. 

Among the factors affecting the prognosis, 
age was of some importance. The average age 
of those who survived over 10 years was six 
years less than the average age of those who 
died within two months, the long term progno- 
sis is therefore better in younger patients. This 
is true of females as well as males. 

Males were noted to have a slightly better 
prognosis than females. This difference is prob- 
ably due to the fact that males were on the 
average five years younger than the females in 
this series. 

Hypertension before or during the attack ap- 
parently had no effect on the immediate mor- 
tality, its absence definitely increases the long- 
term survival. Thus, only 25 per cent of the 
patients who lived over 10 years were hyper- 
tensive compared with 45 per cent hyperten- 
sives in the whole series. Hypertension is a 
more frequent finding in the older than in the 
younger age group. It was also more frequent 


in females than males, especially in those over 
60 years of age. 

Diabetes mellitus appearing before or as a 
complication of the acute attack had an effect on 
prognosis similar to that of hypertension. Dia- 
betes had no augmenting effect on immediate 
mortality, but its presence was a factor against 
long survival. This study therefore, does not 
support the claim of others that diabetes mel- 
litus is an important factor in leading to myo- 
cardial infarction in the younger age groups. 
However, it did increase the proportion of fe- 
males with infarction. Female diabetics lived 
longer after their infarction than did male 
diabetics. 

Angina pectoris was present in 60 per cent 
of the cases prior to the first infarct. The ab- 
sence of angina had no effect on the immediate 
prognosis, and only a slight beneficial effect on 
the long-term survival. It was found that the 
duration of angina pectoris prior to the first 
infarction influenced prognosis. In those cases 
who had angina for at least a year before in- 
farction, there was a reduced immediate mor- 
tality and an increased chance for long survival 
as compared with those who had angina for a 
shorter time. It is not clear exactly why this is 
so unless it be that the longer duration of an- 
gina is associated with a greater development 
of compensatory collateral circulation which 
helps to protect the heart in terms of survival 
from the immediate effect of infarction and 
from its later sequelae. 

The complication of congestive failure during 
myocardial infarction definitely contributed to 
augment the immediate mortality; 71 per cent 
of those who died within two months had this 
complication, compared with 40 per cent in the 
entire series. Furthermore, over half (75 of the 
144 cases) of the congestive failure cases oc- 
curred in those that died within two months 
after the infarction. The chances for long-term 
survival was diminished by the presence of 
congestive failure at the time of infarction. 
Thus, there was a decided decline in the per- 
centage of cases who had had congestive failure 
in the group surviving up to five years com- 
pared with the group surviving over 5 years. 

The presence of “shock’’ affected the imme- 
diate prognosis of the acute attack in the same 
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way as did congestive failure. However, unlike 
heart failure, ‘‘shock” had no effect on the long 
term survival. 

Pulmonary embolism was an important fac- 
tor in increasing the immediate mortality. Al- 
most two-thirds of the pulmonary emboli oc- 
curred in those cases who died within two 
months after the acute attack. The fact that 
only one of the 19 cases with a complicating 
pulmonary embolism during the first attack 
survived over five years indicates clearly that 
the occurrence of this complication practically 
excludes the possibility of prolonged survival. 

The presence of gallop rhythm during the 
attack indicates a poor prognosis both for im- 
mediate and for prolonged survival. 

Acute diffuse pericarditis had a negligible 
effect in increasing the possibility of immediate 
death and had no effect on the long-term prog- 
nosis. 

Those who were at rest at the time of onset 
of the myocardial infarct had a worse prognosis 
for immediate and for prolonged survival, as 
compared with those who were exercising or 
under emotional stress at the time of the at- 
tack. The fact that an infarct occurred while 
the patient was at rest probably indicates a 
poorer coronary circulation in these patients 
(a greater potential coronary insufficiency) 
than in those in which physical or emotional 
stress played a trigger role. Infarction occur- 
ring at rest is thus to be considered a more 
serious event than its occurrence during stress. 

Individuals who used tobacco or alcohol 
prior to the infarction did not have any worse 
prognosis than abstainers. However, the num- 
ber of cases are too few to make a final state- 
ment. We have no information as to whether 
or not the heavy smokers continued the use of 
tobacco at the same or a reduced rate after 
their infarction. It would be our guess, that if 
they followed general practice, most of them 
gave up, or reduced their smoking. This need 
not be the case with alcohol, although modera- 
tion is ordinarily practiced with alcoholic bev- 
erages. 

Body build had no apparent effect on prog- 
nosis. Elevation of nonprotein nitrogen at the 
time of infarction, can be considered definitely 


a bad prognostic omen for immediately sur- 


vival. The white blood cell count is useful in 
determining the prognosis. Both the immediat« 
and the long-term prognosis was better in thos« 
who had a low average white blood cell count 
during the first week following myocardial in- 
farction than in those with a high white blood 
cell count. 

Analysis of the electrocardiogram showed 
that infarcts of the anterior wall had a bette: 
immediate prognosis than infarcts of the pos- 
terior wall; the long-term prognosis in the two 
varieties was the same. Cases with atypical 
infarct patterns (excluding subendocardial pat- 
terns) and cases in which the septum was in- 
volved had the worst immediate and long-term 
prognosis. Cases with subendocardial infarct 
patterns had a good long-term prognosis. The 
presence of ectopic rhythms did not increase 
the immediate mortality but decreased the pos- 
sibility of long-term survival. Intraventricular 
block and auriculoventricular block had a slight 
worsening effect on the immediate prognosis 
and definitely lessened the chance of long-term 
survival.* 

Almost two-thirds of the survivors were able 
to return to moderate or complete activity 
after recovery from the first attack of myo- 
cardial infarction. One-fourth were definitely 
restricted in their activities and one-tenth of 
the cases were bedridden. Although a large per- 
centage of survivors had dyspnea and angina 
pectoris on exertion after recovery from their 
infarction, these complaints were not of suffi- 
cient frequency or intensity to reduce markedly 
the activity of almost two-thirds of the cases. 
The degree of angina pectoris and dyspnea was 
not graded in this study as to severity, but it is 
apparent that those who were able to return 
to moderate or complete activity had only mild 
symptoms. 

The problem of determining the best index 
of prognosis following the attack is worth dis- 
cussion. The electrocardiographic follow-up 
after the initial attack as a guide to prognosis 
had been studied previously in this department. 





* Even in the absence of myocardial infarction, 
the occurrence of auriculoventricular, and especially 
intraventricular, block reduces the chance of survival 
below five years. 
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The results show that “the electrocardiogram 
pattern can prognosticate neither survival or 
rehabilitation.”*! Examination of the electro- 
cardiograms in this study confirms this finding. 
Heart size and blood pressure level also have 
been found to be poor measures of survival.!7: !8 
The material presented in this study points to 
the conclusion that the best index to prognosis 
after recovery from the attack seems to be the 
ability of the patient to resume activity. Of 
those patients who were able to return to com- 
plete activity, 71 per cent lived over 10 years, 
compared with 10 per cent who lived over two 
months up to 5 years. On the other hand, of 
those who were bedridden 85 per cent lived 
over two months up to five years, and only 8 
per cent lived more than 10 years. This indi- 
cates that those who are more active after re- 
covery from infarction had a longer survival 
period. This, of course, does not mean that pa- 
tients should be advised to increase their ac- 
tivity to the point of discomfort. Obviously, it 
is not the activity itself that increases the sur- 
vival period but rather the state of the patient, 
his cardiac reserve and his general well-being, 
which determines the degree of his adjustment 
to the “‘full life.” Forcing a patient to the limits 
of his tolerance would make his condition 
worse. It is not wise to increase activity of pa- 
tients to an amount at which angina and dysp- 
nea occur frequently. However those patients 
who are able to be active with relatively few 
or no symptoms apparently are not harmed by 
resumption of moderate activity after recovery 
from their infarction. The aim should be mod- 
eration, not too much activity, nor, on the 
other hand, too little. 

Another factor of importance in the progno- 
sis following the acute attack is the relative 
frequency of another, often fatal, myocardial 
infarct. The most frequent cause of death fol- 
lowing one myocardial infarction is another 
myocardial infarction. In 94 out of 171 cases in 
whom the cause of death was known, a subse- 
quent myocardial infarct was the cause of 
death. The need for analyzing the factors caus- 
ing atherosclerosis and finding the means of 
preventing and treating them, is quite obvious. 
This has been a major field of investigation of 
this department for over a decade.” 


Congestive failure was responsible for 29 
deaths. Other causes attributable directly to 
arteriosclerosis or its complications accounted 
for 31 other deaths. Only 17 of the deaths 
could not reasonably be attributed to a cardio- 
vascular complication. 

The great majority of subsequent fatal myo- 
cardial infarcts occurred among those who sur- 
vived over two months up to five years. The 
longer the patient survives the better are his 
chances of surviving a subsequent infarct. This 
suggests the beneficial effect of development of 
collaterals which increase with age and as time 
passes after an infarction. This can explain the 
better zmmediate prognosis of the third and 
fourth infarction compared with the second. 
The need for careful limitation of cases for this 
study to those with their first infarction be- 
comes obvious. If cases with more than one in- 
farct had not been diligently excluded in this 
study, the average survival period would have 
been significantly decreased. It was for this 
reason that in this series, all cases who had 
evidence in their history or at postmortem of 
previous infarction were excluded from the 
study unless the data on their original myo- 
cardial infarction was available. 


CONCLUSIONS 


This study suggests that the long-term sur- 
vival time of recent myocardial infarction is 
better than that previously estimated, espe- 
cially for the first episode. The implications of 
this in evaluating the role of prophylactic sur- 
gery or major medicinal regimens are obvious. 
The possibility of restitution to full activity is 
real for many persons surviving a myocardial 
infarction. 
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SuMARIO EspaNou 


Este estudio fué emprendido para establecer 
el prondéstico a larga duracién de un ataque re- 
ciente de infarto del miocardio. Con este pro- 
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pdsito se observaron 285 pacientes que sufrieron 
su primer ataque entre 1932 y 1942, y que so- 
brevivieron los primeros dos meses hasta que 
murieron o hasta que se termin6 este estudio 
(Enero 1, 1952). Dos terceras partes de ellos 
sobrevivieron sobre cinco afos, dos quintas 
partes sobre 10 afos y una décima parte sobre 
15 anos. Algunos factores que determinan la 
supervivencia por largo tiempo fueron analiza- 
dos. La importancia de reconocer la presencia 
de un grupo grande de casos leves de infartos 
del miocardio capaces de supervivencia pro- 
longada se enfatiza. 
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Intravascular Aggregation and Adhesiveness 
of the Blood Elements Associated with 
Alimentary Lipemia and Injections of 
Large Molecular Substances 


Effect on Blood-Brain Barrier 


By Cuester F. Cutten, M.D., anp Roy L. Swank, M.D., Pu.D. 


Observations on the intact circulation of the hamster reveal that following a meal high in fat content 
there occurs increased adhesiveness and aggregation of the red blood cells and sometimes clump- 
ing of the platelets, accompanied by slowing of the circulation. These changes are reversible, 
the circulation resuming a normal appearance with complete clearing of the lipemia. Similar circu- 
latory changes can be produced by the injection of large molecular solutions. These circulatory 
alterations, when severe enough, cause pathologic changes in the blood-brain barrier. The signifi- 
cance of these findings and their possible relationship to multiple sclerosis and vascular thrombo- 


sis are discussed. 


EOGRAPHIC and _ nutritional — sur- 
veys':? have suggested that the geo- 
graphic variations in the incidence of 

multiple sclerosis are due, at least in part, to 
the amount of fat consumed; a high fat con- 
sumption is associated with a high incidence of 
multiple sclerosis and a low fat consumption is 
associated with a low incidence of the disease. 
It is felt that a high fat intake is not the cause 
of multiple sclerosis, but rather precipitates or 
accelerates it in susceptible individuals. In ac- 
cordance with this concept multiple sclerosis 
has been treated with a low fat diet for the past 
four and one-half years with the result that the 
number and severity of exacerbations of the 
disease seem to have been decreased.’ 

In an attempt to determine the mechanism 
by which the fat intake influences multiple 
sclerosis, studies have been made of the effects 
of large fat meals on the blood of dogs and hu- 
mans. Six to nine hours after large fat meals 
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the red blood cells observed in vitro in dark- 
field illumination have a tendency to aggregate, 
become adhesive to one another and be dis- 
torted.t These changes in the suspension sta- 
bility of the blood occur about an hour after 
the peak of the alimentary lipemia and finally 
disappear 9 to 12 hours after the fat meal when 
the lipemia clears. These alterations in the sus- 
pension stability are accompanied by changes 
in the sedimentation rate and by alterations of 
the plasma protein patterns in paper chromato- 
grams.® 

The present study was undertaken to deter- 
mine the effect of high fat meals on the intact 
circulation. In addition we have studied the 
previously reported circulatory changes pro- 
duced by intravenous injections of substances 
of high molecular weight,® and observed the 
effects of these circulatory changes and those 
due to high fat meals on the blood-brain bar- 
rier. A preliminary and partial report of the 
changes produced by large fat meals has been 
published.’ In the present paper the completed 
study will be presented. 


MATERIAL AND METHODS 


Golden Syrian hamsters weighing 70 to 100 Gm. 
were used throughout the study. The control 
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hamsters consumed a diet of mixed grain, vegetable 
greens and foxchow (approximately 20 per cent of 
the total calories of foxchow are furnished by fat; 
the vegetable greens and mixed grain which made 
up a large part of the diet contain very little fat). 
Many of the experimental hamsters received a diet 
containing approximately 50 per cent of the calories 
as fat for one to three weeks prior to observation. 
Other experimental hamsters received the normal 
control diet prior to the single fat meal given on the 
day of observation. 

On the day of observation, a high fat meal (2 to 15 
Gm. per kilogram of body weight) in the form of 35 
per cent cream was fed via stomach tube. At variable 
intervals after the fat meal the animals were anes- 
thetized with 20 per cent urethane intraperitoneally 
and one cheek pouch was inverted and prepared for 
visualization by the method of Fulton, Jackson and 
Lutz.’ In most cases one membrane of the pouch 
was removed to improve the visualization of the 
blood elements, but for control purposes a number 
of pouches were studied with the membranes intact 
to determine the effect of the increased trauma and 
exposure occasioned by the removal of one mem- 
brane. The pouch was immersed in Ringer’s solution 
in a specially designed water bath and maintained 
at a temperature of 37.5 C. Observations were made 
at magnifications of 750 to 1350 x, and for the cine- 
photomicrographs a 50 X water immersion objective 
was used. The Kodachrome cinephotomicrographs 
were taken at 32 frames per second. In a number of 
hamsters a small polyethylene tube was placed in 
the femoral vein so that injections could be made 
and frequent blood samples could be obtained. The 
blood samples were observed in darkfield illumina- 
tion to determine the chylomicron counts, and in 
six of the fat-fed hamsters platelet and leukocyte 
counts were made. For control purposes a number of 
animals were studied without inserting the tube. 

This study is based on observations in 105 
hamsters. Thirty of these were on the normal diet, 
some fasting, the others nonfasting; 35 were fat-fed; 
22 received injections of high molecular weight sub- 
stances (gelatin, dextran); and 18 were subjected to 
miscellaneous procedures (injections of egg albumin, 
thromboplastin, and histamine liberators; and 
anaphylactic shock). Microscopic observations on 
each animal lasted for a period of 3 to 10 hours. 

In 24 of our hamsters a saturated solution of 
trypan blue (approximately 13 per cent) was in- 
jected intravenously at the termination of the ex- 
periment to determine if the alterations of the circu- 
lation were sufficient to damage the vessels of the 
brain. One milliliter was injected, and was followed 
in 5 to 10 minutes by the injection of an additional 
1 ml. Of this group 6 had received intravenous 
dextran, 7 had been given high fat meals, and 11 
served as normal controls. The control animals were 
subjected to the same surgical trauma as the others, 
and the injections of trypan blue were made at 


varying intervals up to five and three quarter hours 
after exposing the pouch. 


RESULTS 


A. Circulation in the Cheek Pouch of Normal 
Hamsters 


In none of our control studies of the cheek 
pouch of the hamsters was significant sticki- 
ness or aggregation of the red blood cells noted. 
(See figure 3A.) A variable amount of adhesive- 
ness of the white blood cells to the walls of the 
blood vessels and clumps of platelets were oc- 
casionally observed. The stickiness of the white 
blood cells to the vessel walls usually increased 
after three or more hours of exposure of the 
pouch at which time the leukocytes could some- 
times be seen migrating through the vessel 
wall into the surrounding tissue. Petechial 
hemorrhages also began to appear about this 
time. Groups of two to three red blood cells 
in rouleau formation were occasionally ob- 
served in normal pouches. These were present 
only in vessels with a slowly moving stream of 
blood; the individual cells were clearly distin- 
guishable and readily separated from one an- 
other when the flow of blood changed direction 
or was interrupted by a more rapid flow in 
anastomosing vessels. Even when the flow was 
greatly slowed or completely stopped by the 
production of anaphylactic shock or of shock 
due to the injection of the histamine liberator 
48/80, no increased tendency to adhesiveness 
or aggregation of the red blood cells was noted. 
It has also been shown in the rat® and in the 
hamster® that circulatory arrest, per se, does 
not cause aggregation of the red blood cells. 


B. Circulation in the Cheek Pouch of Lipemic 
Hamsters 


It was found that the hamsters usually de- 
veloped a greater alimentary lipemia if they 
had been on a high fat diet for a period of sev- 
eral days. Most of our animals had been on 
such a diet for one to three weeks prior to ob- 
servation and frequently this was supple- 
mented by a daily feeding of cream for 2 to 4 
days prior to visualization of their pouches. We 
have, however, observed a significant lipemia 
followed by the changes now to be described 
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Fic. 1. The chylomicra curve represents the aver- 
age in 19 hamsters which had counts done at suffi- 
ciently frequent intervals to determine the nature of 
the visible lipemia curve. The + sign indicates the 
time at which increased adhesiveness of the red blood 
cells appeared in each of the animals. The 0 sign indi- 
cates the time at which the circulation started to 
revert toward normal in each of 11 of these hamsters 
which were observed for a long enough time to note 
the reversal. In most of the animals increased ad- 
hesiveness appeared four to seven hours after the fat 
meal; ard the circulation began reversal toward 
normal 7 to 10 hours after the large fat meal in most 
instances. 


following a single fat meal without prior large 


fat feedings. 

On the day of visualization the pouch was 
exposed three to six hours after the fat meal. 
No change was observed in the circulation dur- 
ing the period of increasing visible lipemia. 
When the chylomicron count began to fall, 
usually four to seven hours after the fat meal, 
changes in the suspension stability of the red 
blood cells began to develop (fig. 1). First the 
red blood cells appeared to be slightly adhesive 
to one another, and here and there a _ red 
blood cell stuck momentarily to the wall of a 
blood vessel or to a white blood cell which was 
adherent to a vessel wall. The tendency to 
rouleau formation became more pronounced, 
the size of these formations increased greatly, 
and the cells showed a definite tendency to re- 
main together under circumstances which nor- 
mally would have separated them. Simulta- 
neously the speed of the circulation decreased. 
This tendency toward aggregation gradually 
became much greater, and in capillaries and 
venules red blood cells began to aggregate in 
irregular small clusters of 4 to 12 or more cells. 
In many vessels the flow of blood became ex- 


tremely slow, and frequently the flow stopped 
completely in some vessels. These changes be- 
came first evident and remained most pro- 
nounced in the venules. 

When the changes just described became pro- 
nounced the aggregates of red blood cells as- 
sumed an amorphous, homogeneous appear- 
ance, and the outlines of the individual cells 
could no longer be distinguished clearly. Fre- 
quently the red blood cells had the appearance 
of being covered by a surface film. In those 
vessels in which the rate of flow was greatly 
reduced, particularly in the venules and smaller 
veins, the blood flowed in great ‘“‘chunks’’ (figs. 
3B and C, and 4A and B). When adherent cells 
separated, one frequently saw them stretched 
out of shape, and on a few occasions thin vis- 
cous strands could be seen attaching them to- 
gether. At this stage distorted red blood cells 
were frequently seen, and sometimes clumps of 
platelets and platelets adhering to red blood 
celis were observed. Simultaneously with these 
changes there was observed sometimes a fall 
in the platelet count as shown in figure 2. As a 
rule, however, no increased adhesiveness of the 
white blood cells was noted. Petechial hemor- 
rhages sometimes appeared in those pouches in 
which adhesiveness of the red blood cells was 
observed. It is interesting, however, that these 
hemorrhages occurred after 4 longer period of 
exposure and were less numerous than in our 
control hamsters. Sometimes they were absent 
for as long as eight hours of exposure in fat-fed 
animals, whereas they usually appeared within 
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Fic. 2. This graph represents the average values 
found in six hamsters with determinations done at 
regular intervals during the period of observation. 
One will note a fall in the platelet count in the inter- 
val from four to seven hours when aggregation of the 
red blood cells is present and clumping of the plate- 
lets is quite often observed in the intact circulation. 





CIRCULATORY CHANGES DUE TO LIPEMIA 


ji 


Fia. 3. This figure and the following figure 4 are enlarged frames from the colored motion picture 
taken of these experiments. Because of the great loss of detail resulting from such enlargement and 


reproduction the pictures have been retouched in order to make apparent what is obvious in the 
motion picture. 


A. the normal circulation. (1) Venule at lower right joining a vein. These vessels are so large and 
circulation so rapid that individual cells cannot be seen. (2) Capillary-venular junction. Note the 
absence of any tendency for the red blood cells to adhere to one another. (3) Capillary junction. 
Note the absence of red blood cells in the lower right branch. This ‘“‘plasma skimming”’ is frequently 
seen in capillaries. A few mom-nts later this capillary was filled with red blood cells. 

B. Hamster no. 57. Fat fed. These three pictures were taken at the same capillary-venular junc- 
tion at various intervals. (1) Six and one-half hours after the fat meal. Note the pronounced rou- 
leau formation and the small irregular aggregates of red blood cells. The circulation had slowed 
down considerably. (2) The same area one hour later showing more pronounced aggregation of the 
red blood cells. The flow of blood had stopped completely except in the larger venule across the top 
of the picture. (3) The same area two and one-half hours later showing return toward normal. The 
lipemia had now cleared, the blood was flowing rapidly in all vessels and there was very little tend- 
ency for the cells to aggregate, most of them flowing freely and singly. 

C. Same Hamster (no. 57). Fat fed. Another area showing: (1) a venule and vein seven hours after 
fat meal with large aggregates of red blood cells and a very slow circulation, and (2) the same area 
three hours later showing the absence of ‘‘clumping”’ and a more rapid flow. 
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three hours in our control animals. Some degree 
of aggregation and adhesiveness of the red 
blood cells and slowing of the circulation was 
observed in all of the hamsters which developed 
a significant lipemia. This aggregation of red 
blood cells did not depend on the duration of 
exposure of the pouch, frequently being pres- 
ent immediately after exposure, and usually 
appearing within one hour after the pouch was 
prepared. The degree of aggregation did not 
appear to depend on the height of the lipemia, 
as far as we could determine. In general, how- 
ever, the changes were more pronounced if the 
animal developed a high lipemia (table 1). 

With clearing of the visible lipemia 7 to 10 
hours after the fat meal, the circulation became 
more rapid and the adhesiveness of the red 
blood cells became less pronounced (figs. 3B 
and C, and 4A and B). In many vessels in which 
the circulation had been stopped, the sticky 
masses of cells were seen slowly oozing out of 
the vessels into more rapid flowing streams of 
blood (fig. 4B). The circulation then gradually 
assumed a more normal appearance. The period 
of time from the beginning of the increased ad- 
hesiveness of the blood elements until the cir- 
culation began to revert to normal varied from 
one and one-half to five and one-half hours 
with an average of three and one-quarter hours. 
We have never seen the circulation return en- 
tirely to normal in the same pouch during the 
period of observation, owing in part, probably, 
to the trauma associated with long exposure of 
the pouch. However, prolonged exposure, per 
se, caused no change in the adhesiveness of red 
blood cells. In several animals, when these cir- 
culatory abnormalities had cleared up as com- 
pletely as possible, examination of the other 
cheek pouch revealed a normal-appearing cir- 
culation. In addition, several hamsters with 
circulatory changes as marked as those just 
described were allowed to recover and the same 
pouch was observed several days later. The 
circulation was then normal. 


C. Circulation in the Cheek Pouch after Injec- 
tions of Large Molecular Substances 


We have confirmed the observation of Thor- 
sen and Hint® that after intravenous injections 
of small amounts of high molecular weight hy- 
drophilic colloidal solutions of gelatin and dex- 


TABLE 1.—Summary of the Findings in the Nineteen 
Hamsters Which Form the Basis for the Graph 
in Figure 1 


Increased |Height of | Number | 
adhesive-| lipemia | of chylo- ae | 
ness of (chylo- micra | ee 8 C.’s | 
platelets | micra) | counts | sia 


Time after 
pouch exposure 
that aggregation 

appeared 





No. | | * 
17 |Moderate | 244 hours 

26 |Pronounced} 1 hour 

29 |Pronounced| Immediately 
33 |Pronounced| % hour 

37 Moderate | Immediately 
45 Slight 1 hour 

46 |Moderate | 134 hours 

48 |Slight Immediately 
51 |Pronounced| Immediately 
53 |Moderate | 2% hours 

56 Pronounced) 1 hour 4€ min. 
57 | Pronounced Immediately 
59 |Moderate | Immediately 
61 |Moderate 1 hour 

62 Pronounced} 1 hour 

64* | Moderate Immediately 
65 Slight 1 hour 

66 Slight Immediately 
68* | Pronounced| Immediately 
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In the column showing adhesiveness of the platelets the 0 indi- 
cates absence, the (—) signifies that no comment was made cn the 
platelets during the experiment. During most early experiments our 
interest was primarily in the striking changes of the red blood cells; 
in later experiments our attention was focused also on the platelets, 
and one will observe that when special note was made of their con- 
dition there was evidence of increased adhesiveness in the great 
majority. 

The degree of aggregation of red blood cells was not dependent on 
the duration of exposure since in over half the cases aggregation was 
present immediately after exposure of the pouch and in the majority 
within one hour. 

Exposure, per se, for as long as six hours causes no change in the 
adhesiveness of the red blood cells. 

* The animals which received only a large fat meal on the day of 
observation; all the other hamsters received a high fat diet for vari- 
able periods before in addition to the large fat meal on the day of 
observation. 


tran (molecular weight, 210,000) changes oc- 
cur in the suspension stability of the red blood 
cells similar to those associated with lipemia 
(fig. 4C’). These changes have also been ob- 
served by us after intravenous injections of egg 
albumin and thromboplastin, and by Thorsen 
and Hint following injection of thrombin and 
fibrinogen. In each of these circumstances the 
nature of the circulatory changes appeared 
similar; the red blood cells became adhesive, 
aggregated, and the circulation slowed. In these 
experiments the degree of the circulatory 
change varied directly with the amount of the 
substances injected. In all instances the circu- 
latory changes could be reversed toward nor- 
mal by the injection of low molecular weight 
dextran (molecular weight, 10,000). The exact 
mechanism whereby this reversal is effected is 
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Fig. 4. A. Hamster no. 68. Fat fed. (1 and 2) Two venular junctions with pronounced clumping 
of the red blood cells seven hours after the fat meal. The blood was flowing very slowly at this time. 
(3 and 4) Two venular junctions in the same animal three hours later showing a normal circulation 
again. The aggregation of the blood cells had disappeared and the flow was again of normal rate. 

B. Hamster no. 51. Fat fed. (1 and 3) Pronounced clumping of the red blood cells seven and eight 
hours after the fat meal. In these vessels the flow has almost completely stopped. (2) Note the amor- 
phous mass of hemoglobin with complete loss of cell outlines; this was slowly oozing into the vessel 
on the left, the red cells remaining adherent for a considerable distance along this latter vessel 
(at arrow) before breaking off. (4) a vessel from the same animal five hours later with a normal circu- 
lation. The cells are seen floating freely and singly and the flow has resumed normal speed. 

C. (1, 2, and 3) Aggregation of the red blood cells following intravenous injection of large molecu- 
lar weight dextran (molecular weight 210,000). The flow was very slow. (4) A similar picture after 
intravenous gelatin. Note the similarity of this clumping to that produced by a high fat meal. 


unknown. It does not appear to be due only to the aggregated red blood cells or the rate of the 
the diluting effect of the low molecular weight blood flow. 


dextran solution because injections of an equal In four of the hamsters which had circulatory 
amount of Ringer’s solution had no effect on changes associated with alimentary lipemia low 
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nolecular weight dextran was injected. Two of 
‘hese showed definite but not striking reversal 
f the circulation toward normal. In some ves- 
els the circulation was resumed and in general 
he rate of flow increased. In the remaining two 
he effect was equivocal. In general the degree 
f improvement of the circulation which fol- 
owed the injection of low molecular weight 
lextran in fat-fed animals was much less pro- 
1ounced than was observed in those animals 
vhose circulatory changes were due to high 
nolecular weight substances. 


)). Study of the Brains after Trypan Blue In- 

jection 

Of the 24 brains studied following intrave- 
nous injection of trypan blue, abnormalities 
were found only in those which had received 
high molecular weight dextran. All six of these 
showed extravasation of the dye into the brain, 
in three it was slight and in the other three it 
was pronounced with diffuse staining of the 
brain (fig. 5). The veins and arteries appeared 
equally affected, and the cortical as well as the 
subcortical vessels showed abnormalities. There 
was not a very complete correlation of the dura- 


‘ 


tion of the circulatory changes with the severity 
of extravasation of the dye. 

In the 11 control hamsters and the 7 ham- 
sters which had shown aggregation of the red 
blood cells due to a high fat meal there was ob- 
served no extravasation of the trypan blue. 
Although all these fat-fed hamsters showed 
definite aggregation of the red blood cells, and 
in several of these the clumping was what we 
considered pronounced, in no case was it as 
severe as we produced in all the hamsters which 
received dextran and which exhibited changes 
in the blood-brain barrier. 


DISCUSSION 


The underlying mechanism of the circula- 
tory changes produced by a high fat intake is 
not clear. Previous darkfield microscopic 
observations! and the cinephotomicrographs 
taken in the present study leave no doubt that 
an adhesive envelope develops around the red 
blood cells. In all likelihood this is the principal 
‘cause of the aggregation of the red blood cells 
and of the slowed circulation. The observations 
of Swank, Franklin and Quastel® that changes 
do occur in the paper chromatographic pattern 


Fig. 5. A photomicrograph showing perivascular extravasation of trypan blue indicating damage 
to the vessel with increased permeability. There was diffuse staining. These animals had received 
large molecular weight dextran (molecular weight 210,000) intravenously which caused aggrega- 
tion of the red blood cells and slowing of the circulation. 
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of the plasma proteins following fat meals and 
approximately at the time that the circulatory 
changes occur can be considered collateral and 
relevant data although not proof that the 
plasma proteins take part in this mechanism. 

It was previously suggested‘ that this in- 
creased adhesiveness and aggregation of the 
red blood cells was due to competition of the 
chylomicra with the red blood cells for a sub- 
stance or substances which maintain a stable 
suspension of the blood elements. The chylo- 
micra which appear quickly and have a large 
surface area relative to their mass may, through 
this competition, produce a temporary defi- 
ciency of these substances and in this way 
cause the development of an adhesive surface 
film on the particulate matter in the blood. 
This is supported by the observation that the 
chylomicra as well as the red blood cells and 
platelets show a simultaneous tendency to ag- 
gregate. The development of this adhesive en- 
velope when the visible chylomicra are dimin- 
ishing in number could be due to a breakdown 
of the chylomicra into smaller and smaller par- 
ticles prior to their removal from the circula- 
tion.!° In this way they would require a greater 
amount of the hypothetic ‘‘emulsifying agent”’ 
since their total number and their surface area 
would have increased. This hypothesis is sup- 
ported by the fact that the visible chylomicra 
in the S; range of 100 to 40,000 contain ap- 
proximately 7 per cent protein presumably 
located as a film on their surface, whereas the 
invisible fat in the S; 4 category contain ap- 
proximately 25 per cent protein." It might also 
be added that R. J. Rossiter has noted that 
when fat containing radioactive iodine is fed to 
dogs the peak of the radioactive fat in the plas- 
ma occurs concomitantly with the peak in con- 
centration of fat in the plasma. In the red 
blood cells, however, the peak of radioactivity 
occurs later, and when the concentration of fat 
in the plasma is decreasing.* 

The changes in the circulation produced by 
intravenous injection of substances of large 
molecular weight appeared similar in nature to, 
although they were usually more pronounced 
than, those produced by alimentary lipemia. 
In the process of development of these changes 

































































































































































* Personal communications. 
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Thorsen and Hint® observed that a surface film 
developed on the red blood cells when the con- 
centration of the substances of high molecula« 
weight reached a critical level. This surfac: 
film formed from the suspension fluid, and i 
disappeared when the red blood cells were re 
suspended in saline. In our studies with hig! 
molecular weight substances we observed thi 
surface film and often saw thin viscous strand 
connecting cells together. We were able, as wer: 
also Thorsen and Hint, to return the circula 
tion to normal by injection of low moleculai 
weight dextran. Our studies were otherwise no‘ 
helpful in explaining the mechanism of the 
changes after injections of substances of high 
molecular weight. Similar surface films and vis- 
cous strands connecting red blood cells were 
also noted after fat feeding, but the injection 
of dextran of low molecular weight in these 
animals was either ineffective (two cases) or 
less effective (two cases) in returning the cir- 
culation to normal. 

The effect of the surface film changes upon 
the red blood cells was to slow the circulation 
to the point that the flow was often stopped in 
many vessels. This slowing was presumed to be 
associated with an increase in the viscosity of 
the blood. Recent measurements of viscosity 
of the blood in hamsters after fat meals have 
shown that the viscosity is always increased 
when adhesiveness of the red blood cells is evi- 
dent, and an increase of 50 to 100 per cent in 
the viscosity is not unusual.f 

That these circulatory changes, when severe 
enough, can produce pathologic alterations in 
the blood-brain barrier has been demonstrated 
in the animals which received dextran of high 
molecular weight. The barrier was not notice- 
ably affected in the animals receiving fat meals 
probably because the circulatory changes were 
less marked. Perhaps repeated embarrassments 
of the circulation, which could be expected to 
occur in subjects susceptible to circulatory 
changes after fatty meals, or the combination 
of these changes with other factors such as 
endothelial damage, an already deficient circu- 
lation, or other factors altering the suspension 
stability of the blood would lead to tissue hy- 
poxia and ultimate pathologic changes. It is 


+ Unpublished observations by one of us (R. L.S.). 
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yell known that the central nervous system is 
«xtremely sensitive to hypoxia. The effects of 
|] ypoxia due to slowing of the cerebral circula- 
ion at the capillary and precapillary level 
! ave been demonstrated by Swank and Hain.” 
The significance of the circulatory changes 
vhich were observed after fat ingestion and 
heir relationship to multiple sclerosis is not 
lear. Data indicating that the lesions of mul- 
iple sclerosis are related to the vascular sys- 
em, and in particular to veins, is readily avail- 
ible. Rindfleish in 1863" and Ribbert in 1882" 
egarded circulatory disturbances as a factor in 
he production of the disease. In recent years 
Putnam’s well known venous thrombosis hy- 
pothesis'®! has received considerable atten- 
tion. However, many workers have been un- 
able to find thrombosed veins in plaques. Dow 
and Berglund” studied 60 lesions in five pa- 
tients and found that 40 of them were located 
about a central vein, but a thrombus was pres- 
ent in only six of these. Fog” in a study of the 
topographic distribution of the plaques in the 
spinal cord found a perivenous localization in 
all cases but found no evidence of thrombosis 
in these veins. Scheinker”: 2° studied the early 
stages of plaque formation in 20 cases of multi- 
ple sclerosis. He found that most of these were 
perivascular, the vessel in most instances being 
a small, centrally located vein. He frequently 
observed agglutinated red blood cells in these 
vessels. Thus the majority opinion is that the 
lesions form around central veins, but the role 
that thrombosis of these veins plays in the 
pathogenesis of the disease is clouded by in- 
consistent data. 

Evidence is also available that vascular ab- 
normalities in patients with multiple sclerosis 
are not limited to the central nervous system. 
Brickner and Franklin?* observed spasms of 
the retinal arteries during transient scotomata, 
and Rucker” described sheathing of the retinal 
veins in patients with multiple sclerosis. Tor- 
tuous and irregular blood vessels have been ob- 
served in the nail beds by several workers.”*: ?° 
Shulman and co-workers*® reported capillary 
fragility, and Grain and Jahsman* noted many 
spastic phenomena in blood vessels of the ex- 
tremities. 

Other phenomena related to the blood itself 


have been found in patients with multiple 
sclerosis. These include decreased platelet 
counts during clinical activity of the disease,” 
increased platelet adhesiveness during exacer- 
bations,®* and changes in the plasma proteins 
shown by paper chromatography,* *° by ultra- 
centrifuge studies,** and by electrophoresis.” 
Finally “‘sludging” of the blood has been re- 
ported by Kniseley and co-workers*® and by 
Roizin, Abell and Winn* in patients with mul- 
tiple sclerosis. 

If it could be determined that the “‘sludging”’ 
described by these workers is more than simple 
aggregation without adhesiveness this phe- 
nomenon could be of importance in multiple 
sclerosis. “‘Sludging” of the blood has been 
observed by Kniseley and his colleagues in 
many conditions, and has been produced ex- 
perimentally in animals by the injection of 
vasoconstrictor substances and by the stimula- 
tion of vasoconstrictor nerves.*° It should be 
realized that the presence of “‘sludged”’ blood 
in man has been determined under conditions 
which do not permit clear visualization of the 
blood elements because of the limited magnifi- 
cation possible, and that the classic rouleau 
formation of Fahraeus* has been confused with 
the ‘‘sludged”’ blood concept by many investi- 
gators as pointed out by Lutz.” To the authors 
it seems imperative that an. increased adhe- 
siveness of the red blood cells with significant 
slowing of the blood flow must be clearly shown 
before ‘“‘sludged”’ blood can be accepted as a 
factor in the pathogenesis of multiple sclerosis 
or any other disease. Also, it will be necessary 
to prove that a large fat intake will produce 
adhesiveness and intravascular aggregation of 
the red blood cells in man before this mecha- 
nism can be seriously considered as patho- 
genetic. Previous studies in humans‘ have 
shown that when blood is examined in vitro 
there is increased adhesiveness of the red blood 
cells six to nine hours after a large fat meal. If 
the hamster’s blood is examined in vitro these 
changes are also seen when, and only when, 
there is increased adhesiveness and aggregation 
observed in the intact circulation. This would 
indicate that intravascular changes in the ad- 
hesiveness of the blood elements do occur in 
the human after high fat meals. To establish 
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this point adequately may be very difficult be- 
cause of the limitations encountered in viewing 
capillary blood flow with adequate illumination 
and magnification in man. 

A high fat diet has long been thought to in- 
crease the coagulability of the blood. Moolton 
and colleagues* have shown that a diet rich in 
animal fat causes a distinct rise in the adhe- 
siveness of the platelets and in some cases in 
the count as well. He has isolated a lipid sub- 
stance, present in all fatty tissue, which when 
injected increases the platelet count and ad- 
hesiveness and the coagulability of the blood. 
The efficacy of a high fat diet in relieving bleed- 
ing disorders has been reported,**-** and a diet 
poor in fat has been utilized to combat the 
thrombotic tendency in surgical patients and 
in patients following coronary thrombosis. Of 
interest also is the reported decrease in vascu- 
lar thrombosis in Norway during the recent 
war when the fat intake was reduced by about 
50 per cent.” & The relationship of the changes 
which we have described following a large fat 
meal to the coagulation mechanism is un- 
known. The aggregation of the blood elements 
following a large fat meal or the intravenous 
injection of gelatin and dextran appeared the 
same as those observed by us and by Thorsen 
and Hint® following the intravenous injections 
of thromboplastin, thrombin and fibrinogen. 
Whether the circulatory changes associated 
with alimentary lipemia can, when severe 
enough or when combined with other factors, 
lead to thrombosis remains to be determined. 

Although there is considerable evidence to 
indicate that the incidence of multiple sclerosis 
varies with the dietary fat intake, we do not 
maintain that this is the basic cause of the 
disease. We do feel that there is evidence to 
indicate that a high fat diet is an important 
and common precipitating or accelerating 
factor in individuals susceptible to the disease. 
The nature of the basic defect causing sus- 
ceptibility is unknown. If this is true the pres- 
ent work demonstrates a possible mechanism 
whereby a high fat diet might be an important 
factor in the pathogenesis of multiple sclerosis 
as well as vascular thrombosis. 


CIRCULATORY CHANGES DUE TO LIPEMIA 






SUMMARY 


Following meals high in fat content change: 
occur in the circulation of the hamster. Thes« 
changes consist of an increased adhesivenes: 
and aggregation of the red blood cells, anc 
sometimes clumping of the platelets, accom 
panied by slowing and even at times complet« 
cessation of flow of the blood. These change; 
appear after the peak of the lipemia has bee: 
passed and develop to their maximum as th« 
lipemia clears. After complete clearing of the 
lipemia the suspension stability returns toward 
normal and the circulation again assumes a 
more normal appearance. Similar circulatory 
changes can be produced by the injection of 
solutions of large molecular weight. These 
circulatory alterations when severe enough 
‘ause pathologic changes in the blood-brain 
barrier. The significance of these findings and 
their possible relationship to multiple sclerosis 
and vascular thrombosis are discussed. 

NOTE: A 20 minute, 16 mm. colored cinephoto- 
micrograph with titles has been prepared which 
shows the circulatory changes described in this 
paper. 


SUMARIO EspaNou 


Observaciones hechas en la circulacién in- 
tacta del coballo revelaron que luego de una 
comida grasosa los eritrocitos mostraron un 
aumento en la tendencia a adherirse y agregarse 
y algunas veces aglutinacién de _plaquetas, 
acompafado por un retardo en la circulacién. 
{stos cambios son reversibles, la circulacién 
re-asumiendo su apariencia normal con de- 
saparicién completa de la lipemia. Cambios 
circulatorios similares pueden ser producidos 
mediante la inyeccién de soluciones de molecu- 
las grandes. Estas alteraciones circulatorias 
cuando de un grado marcado, causan cambios 
patolégicos en la barrera cerebro sanguinea. 
El significado de estos hallazgos y su posible 
relacién a la esclerosis multiple y trombosis 
vascular se discute. 


REFERENCES 
1Swank, R. L., Lerstap, O., Strdm, A., AND 
Backer, J.: Multiple sclerosis in rural Norway. 
Its geographic and occupational incidence in 
relation to nutrition. New England J. Med. 246: 
721, 1952. 





CHESTER F. CULLEN AND ROY L. SWANK 345 


—: Multiple Sclerosis—A correlation of its inci- 
dence with dietary fat. Am. J. M. Se. 220: 421, 
1950. 

—: Treatment of multiple sclerosis with low fat 
diet. Arch. Neurol. and Psychiat. 69: 91, 
1953. 

—: Changes in blood produced by a fat meal and 
by intravenous heparin. Am. J. Physiol. 164: 
798, 1951. 

5 —, FRANKLIN, A. E., AND QuasTEL, J. H.: Effects 
of fat meals and heparin on blood plasma 
composition as shown by paper chroma- 
tography. Proc. Soc. Exper. Biol. & Med. 75: 
850, 1950. 

6 THorSEN, G., AND Hint, H.: Aggregation, sedi- 
mentation and intravascular sludging of 
erythrocytes. Interrelation between suspension 
stability and colloids in suspension fluid. Acta 
Chir. scandinav. Supp. 154, 1959. 

7 Swank, R. L., anp CuLten, C. F.: Circulatory 
changes in the hamster’s cheek pouch associ- 
ated with alimentary lipemia. Proc. Soc. Exper. 
Biol. & Med. 82: 381, 1953. 

8 Fuuton, G. P., Jackson, R. G., anp Lutz, B. R.: 
The use of the cheek pouch of the hamster 
Cricetus auratus for the cinephotomicroscopy of 
small blood vessels. Anat. Rec. 96: 554, 1946. 

® Lutz, B. R., Futton, G. P., anp AKERS, R. P.: 
White thromboembolism in the hamster’s 
cheek pouch after trauma, infection and neo- 
plasia. Circulation 3: 339, 1951. 

10 Swank, R. L., anp Witmot, V.: Chylomicra: 
Their composition and their fate after intra- 
venous injection of small amounts of heparin. 
Am. J. Physiol. 167: 403, 1951. 

11 GorMaN, J. W., LinpGren, F. T., Jonss, H. B., 
Lyon, T. P., AND StrisoweEr, B.: Lipoproteins 
and atherosclerosis. J. Gerontol. 6: 119, 1951. 

2 Swank, R. L., anp Harn, R. F.: The effect of 
different sized emboli on the vascular system 
and parenchyma of the brain. J. Neuropath. & 
Exper. Neurol. 11: 280, 1952. 

13 RINDFLEISCH, E.: Histologische Detail zu der 
grauen Degeneration von Gehirn und Riicken- 
mark. Arch. path. Anat. 26: 474, 1863. 

4 RipBert, H.: Ueber multiple Sklerose des Gehirns 
und Riickenmarks. Arch. path. Anat. 90: 243, 
1882. 

15 Pyurnam, T. J., AND ApuErR, A.: Vascular archi- 
tecture of the lesions of multiple sclerosis. 
Arch. Neurol. & Psychiat. 38: 1, 1937. 

—: Lesions of encephalomyelitis and multiple 
sclerosis. Venous thrombosis as the primary 
alteration. J.A.M.A. 108: 1477, 1937. 

17 —: Studies in multiple sclerosis—‘‘Encephalitis”’ 
and sclerotic plaques produced by venular ob- 
struction. Arch. Neurol. & Psychiat. 33: 929, 
1935. 

18 _: Evidences of vascular occlusion in multiple 


sclerosis and encephalomyelitis. Arch. Neurol. 
& Psychiat. 37: 1298, 1937. 

19. anD ALEXANDER, L.: Disseminated encephalo- 
myelitis—a histologic syndrome associated 
with thrombosis of small cerebral vessels. 
Arch. Neurol. & Psychiat. 41: 1087, 1939. 

20 Hoerer, P. F. A., Putnam, T. J., anp Gray, 
M. G.: Experimental “encephalitis” produced 
by intravenous injection of various coagulants. 
Arch. Neurol. & Psychiat. 39: 799, 1938. 

21 Putnam, T. J., Cutavacci, L. V., Horr, Hans, 
AND WEITZEN, H. G.: Results of treatment of 
multiple sclerosis with dicoumarin. Arch. 
Neurol. & Psychiat. 57: 1, 1947. 

2 Dow, R.8., anp BerGuLunp, G.: Vascular pattern 
of lesions of multiple sclerosis. Arch. Neurol. & 
Psychiat. 47: 1, 1942. 

*3 Foc, T.: Topographic distribution of plaques in 
the spinal cord in multiple sclerosis. Arch. 
Neurol. & Psychiat. 63: 382, 1950. 

*4 ScHEINKER, I. M.: Histogenesis of the early 
lesions of multiple sclerosis. Significance of 
vascular changes. Arch. Neurol. & Psychiat. 
49: 178, 1943. 

25: Histogenesis of early lesions of multiple 
sclerosis. Acute multiple sclerosis. Arch. 
Neurol. & Psychiat. 50: 171, 1943. 

26 BRICKNER, R. M., AND FRANKLIN, C. R.: Vaso- 
spasm associated with multiple sclerosis. Arch. 
Neurol. & Psychiat. 58: 125, 1947. 

7 Rucker, C. W.: Sheathing of the retinal veins in 
multiple sclerosis. J.A.M.A. 127: 970, 1945. 

% Curavacci, L. V., anpD Putnam, T. J.: Capil- 
laroscopic observations in cases of multiple 
sclerosis. Arch. Neurol. & Psychiat. 61: 577, 
1949, 4 

29 Gomirato, G.: Alterazioni dei capillari in malate 
di sclerosi multipla e loco significato. Riv. Pat. 
Nerv. 53: 148, 1939. 

30 ScHULMAN, M. H., ALEXANDER, L., EHRENTHEIL, 
O. F., anp Gross, R.: Capillary resistance 
studies in multiple sclerosis. J. Neuropath. & 
Exper. Neurol. 9: 420, 1950. 

31 GralNn, G. O., AND JAHSMAN, W. E.: Significance 
of peripneral vascular changes in multiple 
sclerosis. Proc. A. Res. Nerv. & Ment. Dis. 
28: 216, 1948. 

2 Foc, T.: On the pathogenesis of multiple sclerosis. 
Acta psychiat. et neurol. scandinav. Supp. 74, 
1951. 

33 NATHANSON, M., AND Savirsky, J. P.: Platelet 
adhesive index studies in multiple sclerosis and 
other neurological disorders. Bull. New York 
Acad. Med. 28: 462, 1952. 

34 Swank, R. L., FRANKLIN, A. E., AND QUASTEL, 
J. H.: Paper chromatography of blood plasmas 
in multiple sclerosis. Proc. Soc. Exper. Biol. & 
Med. 76: 183, 1951. 

35: Blood plasma in multiple sclerosis. Arch. 
Neurol. & Psychiat. 69: 281, 1953. 





346 CIRCULATORY CHANGES DUE TO LIPEMIA 


36 Arrp, R. B., Gorman, J. W., Jones, H. B., 
CaMPBELL, M. B., anp Garoutrs, B.: Ultra- 
centrifuge studies of lipoproteins in multiple 
sclerosis. Neurology 3: 22, 1953. 

37 Sarrer, A., Raprner, A. M., Oreskes, I., AND 
Voix, B. W.: Electrophoretic and chemical 
serum protein fractions in multiple sclerosis. 
Am. J. M. Se. 225: 287, 1953. 

38 KnisELEY, M. H., Buocn, E. H., Extor, T. &., 
AND WarRNER, L.: Sludged blood. Science 106: 
431, 1947. 

39 Roizin, Leon, ABELL, R. G., anp WInn, J.: 
Preliminary studies of sludged blood in multiple 
sclerosis. Neurology 3: 250, 1953. 

40 Fow.er, E. P.: Capillary circulation with changes 
in sympathetic activity. I. Blood sludge from 
sympathetic stimulation. Proc. Soc. Exper. 
Biol. & Med. 72: 592, 1949. 

41 Fanragus, R.: The suspension stability of the 
blood. Physiol. Rev. 9: 241, 1929. 

“ Lutz, B. R.: Intravascular agglutination of the 
formed elements of blood. Physiol. Rev. 31: 
107, 1951. 


48 Moo.TEN, 8. E., Vroman, L., Vroman, G. M.S, 
AND GoopMaN, B.: Role of blood platelets in 
thromboembolism. Arch. Int. Med. 84: 667, 
1949. 

—, —, AND —: Adhesiveness of blood platelet; 
in thromboembolism and hemorrhagic dis 
orders. II. Diagnostic and prognostic signif 
cance of platelet adhesiveness. Am. J. Cli: 
Path. 19: 814, 1949. 

4° Kucetmass, I. N.: Bleeding and clotting diets 
M. Clin. North America 19: 989, 1935. 

46 Scuirr, E., anp HirscHBerGer, C.: Thrombo 
cytosis produced by a hitherto unknown sub 
stance—the ‘‘Fat-Soluble T Factor.” Am. J 
Dis. Child. 53: 32, 1937. 

47 Strgm, A., AND JENSEN, A.: Mortality from cireu 
latory diseases in Norway 1940-1945. Lancet 1 
126, 1951. 

48 DEDICHEN, J., StrdM, A., AND JENSEN, A.: Inci 
dence of atherosclerotic disease during wai 
years. Transactions of the Fifth Conference on 
Factors Regulating Blood Pressure. New York, 
Josiah Macy, Jr. Foundation, 1951. P. 117. 





Studies on the Effect of Exercise on 
Cardiovascular Function 


III. Cardiovascular Response to Exercise in Patients 
with Healed Myocardial Infarction 


By Car.etTon B. CuapMANn, M.D., AND Ropert S. Fraser, M.D. 


Asymptomatic male patients with healed myocardial infarction were studied with respect to the 
effect of exercise on cardiac output, mean circulation time, blood pressure, and pulse rate. A group 
of normal men in the same age group served as a control group. It was found that the hemody- 
namic response of the patients to exercise is very similar to that of the normal group except that 
the pulse rate in the former increases more than that of the latter group. The probable significance 


of this minor difference is discussed. 


T is now well established that patients 
with acute myocardial infarction show 
profound circulatory changes the nature 

of which have been elucidated by Freis and 
colleagues.' Some such patients, after surviving 
the acute episode, pass insidiously into cardiac 
failure and exhibit the usual hemodynamic 
alterations that are known to be associated 
with that state. Still others may recover from 
the acute phase of the disease only to be partly 
disabled later by angina pectoris. Abnormal 
ballistocardiographic patterns have been shown 
by Starr and Wood? to be fairly frequent in 
this group. Whether or not there is a residual 
hemodynamic defect in patients with healed 
myocardial infarction, who are asymptomatic, 
is uncertain, although marked limitation of 
activity used to be routinely recommended 
for them. Such patients often show no sign 
of cardiovascular disability and, unless advised 
to the contrary, are able to take up very active 
lives after recovery from the acute event. If 
they suffer from cardiovascular disability at 
all, it must be of such subtle nature as to re- 
main well concealed in the course of ordinary 
activity. Conceivably, however, the hemody- 
namic response of such individuals to exercise 
may differ from that of persons who have 
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not had a myocardial infarction. In order to 
examine this possibility, the following study 
was undertaken. 


MeEtTHOD AND MATERIAL 


The technic used to measure cardiac output, mean 
circulation time, and blood pressure before and dur- 
ing exercise were reported previously.*:* For the 
cardiac output and mean circulation time, a modifi- 
cation of the Hamilton dye curve method was used. 
A suitably damped strain-gauge system served to 
provide blood pressure measurements. For the 
exercise, a motor-driven treadmill, operating at 
3 miles per hour and at 5 per cent grade, was used. 
In each subject, measurements were made at rest 
and after exactly 10 minutes of exercise. 

The subjects were nine men, aged between 45 and 
60, all of whom had sustained a myocardial infare- 
tion at least six months before the test. Electro- 
cardiographic and historical evidence supported the 
diagnosis in each case. Details of the clinical material 
are presented in table 1. The subjects were in the 
resting, fasting state when the studies were carried 
out. 

For comparison, exactly the same test was done 
on 12 men in the same age group, none of whom 
showed any evidence of cardiovascular disease of 
any type. 


RESULTS 


Both the patients and the normal subjects 
performed the test without difficulty. Two 
patients stated, at the conclusion of the exer- 
cise, that they had experienced mild anterior 
chest discomfort early in the work but that 
the discomfort had disappeared after a few 
seconds. One patient was unable to accom- 


Circulation, Volume IX, March, 1954 
















Number of 
Infarcts 


Date of Last 


Path re 
Patient Age alert 





haku eh 51 1 8-2-52 

| ae 59 1 3-8-49 
Dh ES oioe non 60 1 10-449 
SS ive e seek be 52 1 9-25-50 
Bie Aasssgws ; 39 2 1-20-52 
Waeslex wes 59 1 7-4-50 
DRE cxs so cean 49 2 2-2-50 
SRR ess S538 55 1 2-27-50 
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TABLE 1.—Clinical Features of Patients with Healed Myocardial Infarction 


Date of Test 


Type of Last 
Infarct 


Days in 


; Spieatees 
Hospital everity 









6-3-53 Uncel. 41 Mild 
6-4-53 Ant. 49 Severe 
6-5-53 Ant. 34 Severe 
6-5-53 Ant. 76 Severe 
6-8-53 Post. 44 Mild 
6-7-53 Uncel. 86 Severe 
6-8-53 Ant. 42 Severe 
6-11-53 Ant. 35 Mod. 
6-12-53 Ant. 30 Mod. 
6-14-53 Post. 58 Severe 





TaBLE 2.—Values for Cardiac Output, Cardiac Index, and Mean Circulation Time at Rest and during Ezerci:¢ 
in Normal Older Men 





Resting 

Subject Age “ 

co cI 

i apa aes 58 5.34 2.54 
A. N. ee re 42 5.02 2.66 
Be Gi css oma 47 10.95 5.56 
Rs sk ss ee 45 5.61 2.98 
BBN ca e8 satis 46 6.45 3.31 
AB; ; 53 5.95 3.52 
oe rece 57 4.82 2.61 
Bs hoses ae 56 5.40 3.09 
Beaker 5s se 53 4.57 2.52 
_ | a te 40 - 8.92 4.57 
Be EBs c ss resoh Scene 43 6.07 3.51 
Ley ae 3.29 










Mean... ees a ( 
OED tices cacevks 6 


1.77 
modate his gait to the treadmill and could not 
finish the requisite 10 minutes of exercise. 

The values for cardiac output, cardiac index, 
and mean circulation time are given in tables 
2 (normal subjects) and 3 (patients with 
healed myocardial infarction). Although the 
mean resting cardiac output for the patients 
(5.71 + 1.68 liters per minute) is lower than 
that for comparable normal subjects (6.26 + 
1.77 liters per minute), there is no statistically 
significant difference between them. Exercise 
affected the resting cardiac outputs to approxi- 
mately the same degree in both groups; the 
ratio of cardiac output during exercise to car- 
diac output at rest is 1.76 for normal subjects 
and 1.82 for patients with healed myocardial 
infarction. Furthermore, the ratios in the older 





3.35 
0.85 





Exercise 
MCT co CI MCT 
22.6 9.93 4.73 15.5 
24.6 10.70 5.66 11.6 
10.3 9:39 4.77 14.2 
17.2 12.85 6.84 9.8 
17.3 10.51 5.39 10.8 
14.3 12.85 7.60 11.0 
24.8 10.02 5.42 16.1 
14.4 10.11 5.78 10.1 
22.6 8.66 4.78 13.6 
14.3 14.10 7.20 11.7 
Ly .¢ 12.48 7.21 11.6 
b 9.98 5. 4 








18.4 10.97 5.90 12.3 
3.9 1.57 1.01 2.0 








individuals whether normal or diseased, are 
substantially the same as those previously 
observed in normal young adults.’ It will be 
noted that in one normal older subject (J. G., 
table 2) the cardiac output actually declined 
during exercise owing, we believe, to the ex- 
treme anxiety the patient exhibited during the 
resting phase of the experiment. 

The resting mean circulation time was the 
same for both groups and the average decrease 
during exercise was 33.1 per cent of the resting 
value for normal subjects and 21.3 per cent for 
patients. This difference, though compara- 
tively large, was not significant when tested 
statistically owing to the large amount of 
variation in response from individual to indi- 
vidual. It will be noted (table 3) that in two 
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JABLE 3.—Values for Cardiac Output, Cardiac Index, and Mean Circulation Time at Rest and during Exercise 


in Patients with Healed Myocardial Infarction 


Resting Exercise 
Subject Age Se ee ene, = | > 


cI MCT co cI MCT 





51 . | 269 | 17.2 | 10.3 
59 | 2.53 22 | | 13. 
60 | 8.2 1.89 25.7 | 27. 
52 | ; 4.99 12.0 | 13. 
39 7 2.91 16.2 

59 2.75 20.1 

49 5 2.92 12.6 

55 3.14 21.3 

43 | | 3.24 13.5 

45 2.46 22.6 


2.95 18.3 
0.78 4.6 


of the patients, the mean circulation time 
actually increased slightly during exercise. 
Changes in blood pressure (fig. 1) were also 
very similar in the two groups. During exer- 
cise, the systolic pressure rose, the diastolic 
fell, and the mean rose slightly. Immediately 
after cessation of exercise, there was a precipi- 
tous drop in systolic and mean pressures, the 
diastolic rising slightly. Thirty to 40 seconds 
after cessation of exercise, there was a second 
rise in all three items in both groups. Pressures 
had returned to, or nearly to, resting levels by 
the beginning of the third minute after cessa- 
tion of exercise. One patient with healed 
myocardial infarction (E. I.) differed drama- 
tically, with respect to the behavior of the 
blood pressure, from the other members of the 
group of patients. During exercise, the mean 
pressure fell, owing to a pronounced fall in 
diastolic, and a slight decline in systolic, pres- 
sure. During recovery, all three pressures con- 
tinued to fall until, 30 seconds after cessation 
of exercise, they were about 35 per cent below 
the resting values. Six minutes after the exer- 
cise, this situation still prevailed. At this point, 
the systolic pressure was 85.9 mm. Hg, dias- 
tolic 63.3 mm., and mean 74.5 mm. At rest, 
prior to the exercise, the corresponding figures 
were 151.2, 88.6, and 119.4 mm. Hg, respec- 
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Fic. 1. Per cent changes from resting values of 
systolic, diastolic, and mean blood pressures during 
exercise and during a six-minute recovery period in 
nine patients with healed myocardial infarction. R, 
resting blood pressure; Ex, blood pressure during 
exercise. 


2). The increase during exercise was 55.7 + 
17.5 per cent in the patients and 36.9 + 13.4 
per cent in the normal subjects. In neither 
group had the rate returned entirely to the 
resting value at the end of six minutes. 


DiIscussION 
It must be borne in mind, in evaluating the 
results, that the group of patients studied was 
an asymptomatic one. Patients who have 
developed congestive failure after suffering 


tively. 
Changes in pulse rate during exercise were 
significantly different in the two groups (fig. 


one or more myocardial infarctions can reason- 
ably be expected to show low resting cardiac 
outputs and would not, in all probability, be 















able to increase their outputs very signifi- 
cantly during exercise. It is unlikely, therefore, 
that such patients would be able to perform 
work of the type used in the present experi- 
ments. Nor would it be safe to require patients 
with severe angina pectoris to do so. Our in- 
tention was to examine cardiovascular re- 
sponse to exercise in asymptomatic patients 
with healed myocardial infarction, since 
doubts as to the ability of such patients to 
carry out ordinary physical activity have not 
infrequently been expressed. Formerly, many 
patients of this type were required to live a 
bed-chair, and often miserable, existence after 
recovery. 

The present results furnish no support for 
such an extreme view. There is no significant 
difference between the response of the cardiac 
output to exercise in the patients, on the one 
hand, and that observed in comparable normal 
subjects, on the other. We interpret this to 
mean that the group of patients retained no 
significant cardiovascular disability insofar 
as a stress test of this type, and a sample of 
this size, enable one to judge. It is possible, 
of course, that with larger samples small dif- 
ferences might emerge but it seems doubtful 
that such differences would prove to be of 
major significance. Each group seems to have 
met the challenge of exercise stress with equal 
facility and effectiveness. If a difference, in 
this regard, exists between the two groups, 
some measure of maximal circulatory capacity 
would probably have to be employed to bring 
it out. Determination of maximal oxygen 
uptake, for example, has been used to uncover 
concealed circulatory incapacity in other types 
of asymptomatic cardiac patients. The test, 
however, is too rigorous to be applied in most 
clinical situations. The present test, which 
can be successfully completed by most, if not 
by all, patients with healed myocardial infarc- 
tion, does not define the maximal circulatory 
capacity of the individual. It does, however, 
establish a level of physical achievement which 
probably goes beyond the requirements of the 
activities ordinarily pursued by men in these 
age groups. 

The relatively pronounced increase in pulse 
rate during exercise in the patients, as com- 
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pared with that in the normal group, cannot 
be taken as an indication of permanent cardiv- 
vascular disability. Much more likely, it ‘s 
merely an indication that the patients ha] 
been physically less active, in the montls 
preceding the tests, than had the group  f 
normal subjects. At the most, it means thst 
the patients achieved their circulatory adjus - 
ment to exercise somewhat less efficient!» 
than the normal group since their ability 1» 
augment their stroke volumes appeared to b> 
limited. This, however, has to do with lack «f 
physical training rather than with permanen 
cardiovascular impairment. 

The significance of unusual responses to 
exercise in individual patients is doubtful. I 
two patients, mean circulation time increased 
instead of decreasing, during exercise. In the 
same two patients, however, the increase i 
cardiac output during exercise was consider 
ably less than the average for the entire group. 
Since the two changes are probably quantita- 
tively (and inversely) related, one would ex- 
pect a small increase in cardiac output to be 
associated with a small decrease in mean cir- 
culation time. The observed increases in mean 
circulation time in these two patients were 
indeed small and, we believe, may have been 
chance results rather than changes of physio- 
logic significance. The blood pressure response 
in one of the two patients (E. I.) was also dis- 
tinctly different from the expected response. 
We have no ready explanation for the phenome- 
non but have observed it in one other older 
man (normal group). It probably represents 
an unusual, but not necessarily abnormal read- 
justment of the balance between cardiac out- 
put and peripheral resistance during exercise, 
the latter diminishing relatively more than 
the former increases. It cannot be established 
from the present data that such a response has 
anything to do with coronary vascular disease. 


CONCLUSIONS 


1. Patients with healed myocardial infarc- 
tion, but who are asymptomatic, are, for the 
most part, able to complete an exercise test 
involving moderate physical exertion lasting 
for a minimum of 10 minutes. 

2. The response of the cardiac output, mean 
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« rculation time, and blood pressure to such 
£1 exercise stress is substantially the same, 
cuantitatively and qualitatively, as the re- 
:9onse in comparable normal individuals. 

3. The relatively marked increase in pulse 
ite in such patients during the exercise test 
; probably a manifestation of prolonged phys- 
‘al inactivity rather than of permanent car- 
iovascular disability. 

4. The exercise test as used in the present 
tudies provides no support for the view that 
aarked restriction of activity is physiologi- 
ally necessary in patients of this type. 


SuMARIO EspaNou 


Pacientes varones con infartos del miocardio 
isintomaticos fueron estudiados con respecto 
al efecto del ejercicio en la produccién total 
cardiaca, promedio de tiempo de circulacién, 
presién arterial y pulso. Un grupo de varones 
normales de edades comparativas sirvid como 
grupo control. Se encontré que la repuesta 
hemodinamica de los pacientes al ejercicio es 
muy similar a la del grupo normal excepto que 
el pulso en el primer grupo aumenta mas que 


en el segundo grupo. El posible significado de 
esta diferencia menor se discute. 
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Hemodynamic Studies of Patients with 
Myocardial Infarction 


WarRREN W. Situ, M.D., NorMAN S. WIKLER, M.D., AND ArtuuR C. Fox, M.D. 


Cardiac output, venous and arterial pressure, total peripheral resistance and blood volume were 
measured in patients with acute myocardial infarction, with and without shock, and on recovery, 
and in patients without heart disease. Cardiac output falls to below normal after myocardial in- 
farction, and rises significantly, though not always to normal, on recovery. Cardiac output was 
very low when myocardial infarction was complicated by shock. Fall of cardiac output to very 
low levels following myocardial infarction does not necessarily lead to development of shock. 
Venous pressure tended to be elevated in patients in shock as a result of myocardial infarction. 
Cardiac output was subnormal in patients with arteriosclerosis but without clinical heart disease: 
this was not attributable to reduced body oxygen consumption. 


HE precarious physiologic status of 

patients with acute myocardial infarc- 

tion has made it difficult to derive com- 
prehensive hemodynamic data from them. 
The purpose of this report is to present data 
from patients with myocardial infarction with 
and without shock, and from certain control 
groups, derived by technics employable at the 
bedside. The functions studied have been: 
cardiac output, mean arterial and venous pres- 
sure, total peripheral resistance, and circulat- 
ing plasma and blood volume. It was hoped 
that the accumulation of these data would dis- 
close circulatory abnormalities peculiar to 
patients with shock resulting from myocardial 
infarction, and thus clarify the pathogenesis 
of this serious complication. Although this 
hope was not realized, it appears possible to 
draw some conclusions concerning the hemo- 
dynamic changes which occur in patients with 
myocardial infarction. 


PATIENTS 


Observations were made on 39 patients grouped 
in five categories: (1) normal patients, (2) patients 
with acute myocardial infarction without shock, 
(3) patients with acute myocardial infarction with 
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shock, (4) patietns recovered from myocardial in 
farction, and (5) patients with arteriosclerosis. 

Normal Patients. This group consisted of hospital 
ized men and women who were considered to have no 
circulatory abnormality. Their ages ranged from 21 
to 55 years; half were 50 to 55 years old. Blood 
hemoglobin concentration was at least 12.5 Gm. per 
100 ce. of blood. Cardiac output and related fune- 
tions were determined in 10 patients, and blood 
volume only in four others. 

Patients with Arteriosclerosis. This group con- 
sisted of 10 individuals of the older age group (62 
to 77 years) who had evidence of arteriosclerosis but 
no clinical evidence of heart disease. Careful exami- 
nation excluded, as far as possible, diminished 
cardiac reserve and previous myocardial infarction. 
All of these patients had normal sinus rhythm and 
normal heart size. One had essential hypertension. 
These patients with uncomplicated arteriosclerosis 
were studied in order to have another control group 
with which to compare the findings in patients with 
acute myocardial infarction. 

In the patients with myocardial infarction, the 
diagnosis of myocardial infarction was based on the 
presence of classic clinical findings, including typical 
electrocardiographic changes. All of these patients 
had sinus rhythm at the time of study. With one 
exception (Ard.*) none had congestive heart failure 
at the time of study or prior to myocardial infarction. 
These patients are divided into three groups. 

Patients with Acute Myocardial Infarction without 
Shock. The 10 patients in this group not only fulfilled 
the criteria just mentioned above, but were included 
only if they appeared to the observer at the bedside 
to be in good condition and free from distress. This 
group thus is composed of patients who appeared to 
be tolerating their myocardial infarction very well. 
With one exception (Cass.*) each was studied 
within 24 hours of clinical myocardial infarction. No 


* See Case Summaries. 
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iedication was given other than 10 to 15 mg. of 
,orphine sulfate administered at the time of admis- 
ion to the hospital, except for one patient (Ore.*) 
vho received in addition 250 cc. of plasma three 
iours before study because he was mistakenly 
relieved to be developing shock. 

Patients with Acute Myocardial Infarction and 
Shock. The criteria for shock were: prostration, 
stupor, cold, clammy and cyanotic skin, oliguria and 
‘educed arterial pressure. In most patients blood 
pressure could not be determined by auscultation. 
That these patients were critically ill was attested 
by the fact that all but one died in shock within 12 
hours of the time of study. Every patient but one 
(Ard.*) was studied within two hours of the de- 
velopment of shock. With two exceptions, (Ard., 
Cass.*) studies were completed before the institution 
of therapy. Although every patient had a moderate 
number of scattered pulmonary rales, only one 
(Ard.*) had overt congestive heart failure either at 
the time of study or previously. 

There were nine patients in this group, in seven 
of whom the entire series of determinations was per- 
formed; in two patients the femoral venous pressure 
alone is reported. 

Patients Recovered from Myocardial Infarction. 
The 12 subjects in this group had recovered to the 
point of being fully ambulatory without clinical evi- 
dence of diminished cardiac reserve. Nine of the 
patients had been studied previously, in the acute 
phase of myocardial infarction. Nine patients were 
studied six to eight weeks after the occurrence of 
myocardial infarction; the remaining three, a 
variable period of time (2, 5, and 13 months re- 
spectively) after myocardial infarction. 


MeEtTnHops 


Mean arterial pressure was measured directly, 
through an inlying arterial needle, with a damped 
mercury manometer. Preliminary studies disclosed 
agreement within 5 per cent between values so 
derived and those determined by integration of 
blood pressure tracings obtained from the femoral 
artery. 

Venous pressure was measured directly by the 
technic of Moritz and von Tabora,! usually in a 
large antecubital vein, occasionally in a femoral 
vein. 

Cardiac output was measured by the indicator- 
dilution technic of Hamilton.? About 3 cc. of the dye 
T-1824,* or 25 to 50 microcuries of I'!-labeled 
human serum albumin, were injected rapidly into an 
antecubital or femoral vein from a calibrated syringe, 
following which serial two- or three-second samples 
of blood were collected from the femoral artery. 
Serum concentrations of T-1824 were measured 
with a Coleman Junior Spectrophotometer. Meas- 





* We are grateful to Warner-Chilcott Laboratories 
for providing generous quantities of the dye T-1824. 


urements of radioactivity in the injected material 
and the serum were made by conventional technics. + 
Total peripheral resistance (R) was calculated 
from the formula 
Re mean arterial pressure — right arterial pressure (mm. Hg) 
cardiac output (liters/minute) 
One half of the venous pressure was taken as equal 
to right atrial pressure, except in the one patient 
with congestive heart failure. In this patient, venous 
pressure was regarded as equal to right atrial pres- 
sure in view of evidence’ indicating reduction toward 
zero of the venoatrial pressure gradient in congestive 
heart failure. These approximations of right atrial 
pressure introduce errors of only several millimeters 
of mercury in total magnitudes of 50 to 140 mm. Hg. 
The numerical value of peripheral resistance was 
left in the units of the equation (millimeters Hg per 
liter per minute), for no advantage is served by 
conversion to so-called ‘‘absolute’”’ units. 

“Plasma volume’? was measured from the 30- 
minute disappearance slope of the indicator in 
arterial blood. ‘Blood volume” was calculated from 
the “plasma volume” and the arterial hematocrit. 
The predicted normal blood volume for a given 
patient was calculated from his height, weight, and 
surface area according to the charts of Gibson and 
Evans.! 

Hematocrit was determined on arterial blood which 
was centrifuged for 30 minutes at 3,000 revolutions 
per minute. Four per cent of the numerical value of 
the hematocrit was deducted to correct for trapped 
plasma. 

The equipment to obtain the above observations 
was mounted on a rolling table so that determina- 
tions could be done at the bedside if necessary. 
When patients were well enough to be brought to the 
laboratory, the oxygen consumption was also meas- 
ured. Exhaled gas was collected in a_ Tissot 
gasometer, and inhaled and exhaled gas was analyzed 
for oxygen and carbon dioxide with a Pauling 
apparatus. In most cases, a respiratory quotient of 
0.81 was assumed. 

A typical experiment proceeded as follows. The 
patient was fasting. A needlet was introduced into a 
femoral artery. A no. 18 gauge needle was threaded 
into an antecubital or femoral vein, attached to a 
venous manometer and intermittently flushed with 
heparinized isotonic saline. After a 20-minute delay, 
during which the patient became accustomed to the 
needles, the venous manometer was disconnected 
briefly and a precisely measured volume of indicator 
was rapidly injected into the intravenous needle 
from a calibrated syringe. Serial two- or three- 





+ The use and quantitation of radioactive ma- 
terials were supervised by Dr. Robert Soberman. 

t The authors wish to thank Mr. Oscar Schwi- 
detzky of Becton-Dickinson Co. for his generous 
cooperation in making available suitable arterial 
needles. 
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Fic. 1. Seatter graph of results of simultaneous 
determinations of cardiac output by Hamilton and 
Fick technics. The solid dots are determinations 
made in this laboratory. The open circles are deter- 
minations reported by Cournand and Hamilton, 
and their associates (the only other group of those 
referred to in the text who administered the indicator 
into a peripheral vein). 


second samples of arterial blood were then collected 
in a series of small tubes mounted on a rack, for a 
period lasting until about 90 seconds after injection. 
Venous and mean arterial pressures were measured 
immediately thereafter. During the following half 
hour, samples of arterial blood were taken every 10 
minutes for ‘“‘plasma volume” determination. After 
the last of these samples was collected, the entire 
series of determinations was usually repeated. When 
the foregoing determinations could be done in the 
laboratory, oxygen consumption was measured in 
duplicate or triplicate during the half hour period 
following the second cardiac output determination. 
These procedures appeared not to disturb the 
patients, and no untoward effects occurred. 


Reliability of the Indicator-Dilution technic for 
Determination of Cardiac Output 


In a preliminary study,* cardiac output was 
measured simultaneously by Fick and Hamilton 
technics 19 times in 18 resting patients with a 
variety of cardiovascular disorders. None of these 
patients was in shock. The values derived by the 
two technics agreed within 15 per cent in 16 of the 
19 determinations (fig. 1). 

Several groups®: *.7 have published comparisons 
of values derived simultaneously by Fick and Hamil- 
ton technics. In order to examine these data for 
evidence of any systematic differences between the 
two technics, ¢ scores were calculated for cardiac 


* This part of the study was done in cooperation 
with the Cardiovascular Hemodynamic Team of 
New York University College of Medicine. 
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TABLE 1.—Comparison by t Score Method of Values 
for Cardiac Output Derived by Hamilton and Fick 
Technics in Five Laboratories* 


Cardiac Output 





No. ‘ ae 
paired e 
Laboratory deter- a Av. t P 
mina- fan Fick 
tions (L./ (L./ 
78 min.) 


min.) 





MOTD... 525555 68 | 6.11f| 5.87 | 2.20 | 0.08 


Kopelman‘....... 28 | 4.437) 4.43 | 0 — 
Cournand, 

Hamilton’...... 39 | 5.93 | 5.72 | 1.2 | 0.23 
MN oc ordain ase 19 | 5.46 | 5.24 | 1.08 | 0.29 





All Combined....| 154 5.68 | 5.49 | 2.61 | 0.00! 





*Values derived in exercising patients wer: 
omitted from this analysis because of questionabl 
validity of methods then in use for the measure 
ment of oxygen consumption in exercising patients 
(8). 

t+ Werké and Kopelman injected the indicator 
into the pulmonary artery, the other two groups, 
into a peripheral vein. 


output derived by the two technics in each labora- 
tory, and in all the laboratories combined. The 
results of this analysis are presented in table 1. 

This analysis indicates a probably significant 
systematic difference between the two technics in the 
Werk6 series, and a significant systematic difference 
when the data from all the laboratories are com- 
bined. Although the difference between the two 
technics appears significant, it is important to note 
that the difference is small, and that the agreement 
between the two methods in different laboratories is 
good. 

The reproducibility of the result obtained by the 
indicator-dilution technic in our hands was tested by 
performing duplicate determinations of cardiac out- 
put by this method within 40 minutes of each other 
in 34 subjects. In 31 of 34 pairs of determinations 
(fig. 2) the two values agreed within 15 per cent. 
According to this series of duplicate determinations, 
the value of a second single determination of cardiac 
output will agree within 25 per cent of the value of 
the first determination in the same patient 95 per 
cent of the time. If cardiac output is determined in 
duplicate, the average of the two determinations 
will agree within 18 per cent of the average of 
another pair of duplicate determinations on the 
same patient in the same state. It appears, then, 
that the Hamilton technic yields acceptably con- 
sistent values and seems satisfactory for the com- 
parison of cardiac output magnitudes in patients 
who are not in shock.t 





¢ The foregoing statistical analyses were done 
with the guidance of Dr. Donald Mainland and Mrs. 
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HAMILTON NO. | 


4 6 
HAMILTON NO. 2 

Fic. 2. Seatter graph of values from duplicate 
leterminations of cardiac output by the Hamilton 
echnic. Each entry is a duplicate determination on 
yne patient. The two entries representing the lowest 
‘ardiac output values are from patients who were in 
shock. Units are liters per minute. 


To our knowledge, there are no published com- 
parisons of values for cardiac output determined by 
the Hamilton technic with those derived by the 
Fick technic in patients with shock. Probably the 
largest source of error in such patients would be the 
blending of the curve of primary circulation with 
that of recirculation. This would cause the primary 
curve to have a falsely large area, with the result 
that the calculated value for cardiac output would 
be too low. We have proceeded in the belief that if 
one is careful to discard questionable curves—those 
with slow downstrokes and those lacking a sharp 
“recirculation rebound”—the dye dilution technic 
yields a satisfactory index of cardiac Output even in 
patients who are in shock. 


RESULTS 

Cardiac Index (fig. 3). The cardiac index was 
significantly subnormal in the patients with 
acute myocardial infarction without shock. 
Nine patients of this group were studied again 
on recovery, and cardiac index was noted to 
have increased significantly (p = 0.01) but 
not always to normal values. (In one of these 
nine patients, the value for cardiac index was 
slightly lower on recovery than immediately 
after myocardial infarction. This apparent 
small decrement is within the error of repro- 
ducibility of the Hamilton technic and may 
thus be due to technical errors.) Cardiac index 
in most patients with acute myocardial in- 
farction without shock and with “healed” 





Lee Herrera of the Department of Medical Statistics, 
New York University College of Medicine. Their 
attentive cooperation is gratefully acknowledged. 


myocardial infarction was not strikingly dif- 
ferent from that in patients with arteriosclero- 
sis, who also had significantly (p < 0.01) lower 
cardiac index than the normal patients (fig. 4). 

Cardiac index in the patients with myo- 
cardial infarction and shock was very low, 
significantly lower than in the patients with 
acute myocardial infarction who were not in 
shock. However, not all of the patients with 
acute myocardial infarction who had very low 
cardiac index were in shock. In 3 of the 10 
patients with acute myocardial infarction with- 
out shock, the cardiac index was in the range 
of the shock group, and yet the patients pre- 
sented no evidence of circulatory embarrass- 
ment. That these three patients did not, for 
some unknown reason, have a fixedly very low 
cardiac index is indicated by the subsequent 
rise in cardiac output as they convalesced. 
For example, the patient Glaz. (fig. 5) had a 
cardiac index of 1.8 liters per minute per square 
meter of body surface area when first studied 
seven hours after myocardial infarction. Never- 
theless his clinical condition was excellent. 
Nineteen hours later, his cardiac index was 
2.4 liters per minute per square meter. This 
patient, and the two other patients with acute 
myocardial infarction without shock who also 
had very low cardiac index, could not be sepa- 
rated clinically from the other patients with 
acute myocardial infarction who had higher 
values for cardiac index. 


CARDIAC 
INDEX 
(L/SQMAMIN) 


INFARCT ACUTE RECOVERED NORMAL ARTERIO- 
WITH INFARCT FROM SCLEROSIS 
SHOCK WITHOUT INFARCT 
SHOCK 
Fic. 3. Cardiac index in the various categories. 
In this chart, as in those that follow, each entry 
represents a study on one patient; the open circles 
designate patients with hypertensive vascular dis- 
ease; the solid square designates the one patient with 
congestive heart failure. A line connects studies 
done on the same patient. 
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TaBLE 2.—Hemodynamic Studies of Patients with Myocardial Infarction 


Mean 
Arterial 
Pressure 
(mm. Hg) 


Venous 
Pressure 
(mm. Hg) 


Patient 
(Sex and Age) 


Acute Myocardial Infarction with Shock 


M, 62 :* 

M, 67 6.5* 

F, 61 3 7 

M, 50 13 

Li., F, 80 5.5 

Gri., M, 48 6.0* 

Cass., M, 66 11.0* 
(without shock) 2.0 
(recovered) 4.0* 


Ard., 
Dam.., 
Cos., 
Her., 


76 


In two other patients venous pressure only was measured and each was7 mm. Hg 


Bas., M, 51 
rec. 
M, 
rec. 
M, 
rec. 
M, 
rec. 
M, 
rec. 
M, 6 

rec. 

M, 55 
rec. 

F, 60 
rec. 

M, 52 


73 
87 
84 
88 
87 
77 
98 
100 
77 
74 
81 


6.6 
0 


oO 
0 


-o0 
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Das., 60 


CO 


Glaz., 


on oo 


Gal., 


“I 


Ma., 


_ 
ane 
oo 


Bara., 


Ung., 81 


3. 
3. 
as 
5. 
5. 


Belf., 


Ore., 


_ 


Cardiac 


Index 


(L./M2/min.) 


6 


2.2 


9 


2.8 


Acute Myocardial Infarction without Shock and on Recovery 
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Total 
Peripheral 
Resistance 

(mm./Hg/L./ 
min.) 


Blood 
Volume 
(liters) 


Ratio 
Actual B.V./ 
| Predicted B.V. 


Het 
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15 
28 
16 
17 
26 
31 
27 
15 
4.5 | 
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12 
11 
17 
16 
27 
19 
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17 
17 
13 
21 
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16 
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36 
17 


34.5 
38 
41 
40 
47 
47 
49 
42 
44 
43 


ane 
ao os 


or 


33 
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Recovery from Myocardial Infarction 


Smi., 
Cu., 
McC. 


F, 57 
M, 47 
M, 48 


6.0* 
5.0 
5.0 


4.0 
2 
9 


2 
2 


| 
| 16 


24 
26 


41 
37 
41 


.80 
.82 





* Indicates femoral venous pressure; all others are antecubital venous pressures. 
when the patient was ambulant and just before discharge from the hospital. 


“cc ” 


rec. = The data on ‘‘recovery 

One patient, Cass.,* (fig. 5) was studied in 
three different states following myocardial 
infarction: in shock, after recovery from shock, 
and prior to discharge from the hospital. 
Cardiac index on the three occasions was 1.3, 
2.4, and 2.8 liters per minute per square meter 
of surface area, respectively, showing, at least 
in this patient, increases in cardiac output as 
he improved clinically. 





* See Case Summaries. 


Venous Pressure (fig. 6). The venous pres- 
sure in the patients with acute and “healed” 
myocardial infarction, as well as in those with 
arteriosclerosis, was in the normal range of 0 
to 10 mm. Hg. In eight patients with myo- 
cardial infarction with shock, venous pressure 
ranged from 5 to 13 mm. Hg; in the ninth 
patient, the only subject with congestive heart 
failure, the venous pressure was 20 mm. Hg. 

Mean Arterial Pressure (fig. 7). The range 
of the values for mean pressure of patients 
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TABLE 3.—Hemodynamic Studies of Normal Subjects and Patients with Arteriosclerosis 


| Mean | : | Peripheral | | : 
_ Patient Arterial ee ie | Resistance | Het Blood Ratio 
(Sex and Age) | Pressure 7 | 


; | | Volume Actual B.V./ 
ressure | (mm. Hg) | (L./M2/min.) | (mm/He/ | (Zo) (liters) | Predicted B.V. 


Arteriosclerosis 





2.8 
8 
3 

2.4 
2 


ae 


Normal 





3.0 
Fi., 3.4 
Gi., F, 36 d 4.8 
Seo., M, 52 
McecA., M, 43 
Gra., M, 38 
tot., M, 53 
Mo., M, 52 
Ros., M, 50 
Wri., F, 21 
Fa., M, 44 
Cru., M, 42 
Sta., M, 39 
Pha., M, 38 


* In antecubital veins. 





170. Patient 

160. wean 100 

ARTERIAL 

PRESSURE 
OXYGEN = 
CONSUMPTION 140 


(GC./90.m min) 130 


—_, 


Seas 
— 


Canoiac 
output 


iil 


& 


PERIPHERAL 
RESISTANCE 20 


| 


CARDIAG 
INDEX 
(L7soMsiiny 


“BL00D 
vouwe* 


on & #0 
= Taw |eres 
F we 
WRARCT Sam [1/27 


oaTe enare ans yarss we wer wr po. 4 ae 20 us 
NORMALS —  ARTERION Fic. 5. Summary of studies done on three different 
patients described in the text. Note that blood flow 
is given in terms of cardiac output (liters per minute) 
rather than cardiac index. Blood volume is recorded 
as liters. The filled area designates cell volume, the 
oven, plasma volume. 


Fig. 4. Oxygen consumption per unit area of body 
surface and cardiac index in normal patients con- 
trasted with those with uncomplicated arterio- 
sclerosis, 
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Fig. 6. Venous pressure in the various categories. 
A vertical bar through an entry indicates that only 
venous pressure was measured in that patient. A 
horizontal bar through an entry indicates that venous 
pressure was measured in the femoral, rather than 
antecubital, vein. 



































with acute myocardial infarction without shock 
who did not have hypertensive vascular disease 
was slightly lower than the range of normals 
here reported. The data are too few to state 
whether this apparent difference is significant. 
However, among the nine patients studied in 
the acute phase and on recovery, the mean 
arterial pressure with recovery rose definitely 
in five, and probably significantly in two more. 
The rise was greatest in the patients with 
hypertensive vascular disease. The values for 
mean arterial pressure among nonhypertensive 
patients recovered from myocardial infarction 
were the same as those of the normals. 

In the patients with shock, mean arterial 
pressure ranged from 52 to 112 mm. Hg. The 
two highest values of 84 and 112 mm. Hg were 
in patients with hypertensive vascular disease, 
both of whom had values for blood pressure 
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Fic. 7. Mean arterial pressure in the various 
categories. 
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Fig. 8. Total peripheral resistance in the vario is 
categories. 


approximating 180/130 mm. Hg prior to t! 
occurrence of myocardial infarction. 

Total Peripheral Resistance (fig. 8). Tl 
peripheral resistance was increased in tw) 
patients with acute myocardial infarction witl)- 
out shock. With recovery, although cardi: 
output had risen significantly in the who: 
group, resistance changed significantly in only 
three of the nine patients (increased in one, 
decreased in two) for whom values during the 
stage of acute infarction were available for 
comparison. 

The calculated peripheral resistance was in- 
creased in four of the seven patients with shock 
and was normal in the other three. The patients 
with arteriosclerosis also had increased total 
peripheral resistance, in a range similar to that 
of the patients with myocardial infarction. 

Blood Volume. When the individual values 
are expressed as decimal fractions of the pre- 
dicted normal (fig. 9) there appears to be little 
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Fic. 9. The blood volume, given as a decimal 
fraction of the predicted normal, of the various 
patients. A vertical bar through an entry indicates 
that blood volume only was measured in that patient 
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lifference between the groups. Blood volume 
values in the patients with uncomplicated 
irteriosclerosis ranged slightly lower than in 
the normals, but the number of observations 
is too small to state whether this is significant. 
The wide range covered by the normal group 
illustrates the deficiencies in predicting blood 
volume by its quantitative relation to body 
size. 
Discussion 

The data indicate that in patients with acute 
myocardial infarction without shock, the car- 
diac output is subnormal, and rises significantly 
with recovery, but not always to normal values. 
When shock is associated with the infarction, 
the cardiac output is very low, significantly 
lower than in patients with acute myocardial 
infarction who are not in shock. However, 3 
of the 10 patients with acute myocardial in- 
farction without shock had values for cardiac 
index which fell into the range of the shock 
group, even though the patients without shock 
were selected to exclude those with cardio- 
vascular complications (antecedent or con- 
comitant congestive heart failure and dys- 
rhythmias). 

It is, of course, not certain that the reduced 
cardiac output in patients with acute myo- 
cardial infarction (without shock) was due to 
the infarction since the patients were not 
studied prior to their illness. One cannot state 
whether these patients before their myocardial 
infarction had normal cardiac output, or a sub- 
normal cardiac output like the arteriosclerotic 
group. However, since cardiac output rose 
significantly on recovery from myocardial in- 
farction, it is a reasonable inference that this 
rise in cardiac output is a measure of the decre- 
ment that attended acute myocardial infarc- 
tion. Thus the occasional finding of a tran- 
siently very low cardiac index in the patient 
with acute myocardial infarction but without 
shock means that following infarction the 
cardiac output may decrease markedly without 
necessarily causing shock. 

The subnormal cardiac output found in the 
aged patients with uncomplicated arterio- 
sclerosis was unexpected. It does not appear to 
be due to reduced metabolic demand because 


oxygen consumption per unit area of body 
surface averaged the same in both the arterio- 
sclerotic and the normal patients (fig. 4). 

Variations in the magnitude of cardiac out- 
put do not necessarily parallel clinical recovery. 
In two patients cardiac output was measured 
during convalescence from acute myocardial 
infarction (Glaz., Bar., fig. 5). Both had sig- 
nificantly higher cardiac output at some time 
during convalescene than on recovery. That 
the level of resting cardiac output does not 
necessarily parallel the apparent adequacy of 
circulation—nor increases in cardiac output, 
clinical improvement—is in accord with an in- 
creasing body of observations made on various 
forms of cardiovascular disease. 

The values for total peripheral resistance in 
the shocked patients were unexpected in that 
three of the seven were in the normal range. 
Shock, other than the temporary collapse as- 
sociated with fainting, has been found to be 
associated with increased peripheral resistance. 
It is possible that these three normal values 
are erroneous, due presumably to error in the 
calculated value for cardiac output. However, 
the most important expected source of error in 
the Hamilton method when used in shocked 
patients would be undetected recirculation of 
the indicator. This would yield a falsely low 
value for cardiac output, and thus an errone- 
ously high value for calculated peripheral re- 
sistance, not low values as reported here. The 
question of the validity of the values for periph- 
eral resistance cannot be settled with the data 
available at present. 

Venous pressure was measured in these 
patients in order to derive an index of right 
atrial pressure. The increase in the range of 
values for venous pressure found in the patients 
with shock is consistent with increased right 
atrial pressure in these shocked patients, but 
is not conclusive. Although data are lacking, 
it is probable that the considerable pressure 
gradient from the antecubital vein to the atrium 
accasionally noted in shock? may not be so 
exaggerated in the case of the femoral vein 
since the large femoral vein and inferior vena 
cava would probably undergo little reduction 
of cross-sectional area even during marked 
general vascular constriction. Unfortunately, 
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venous pressure was measured in the femoral 
vein in only five shocked patients. 

Although the validity of measurements of 
blood volume from T-1824 dilution and the 
hematocrit is open to serious criticism,'® ™ 
the distribution space of this indicator is prob- 
ably a rough index of the circulating plasma 
volume. The results of the “blood volume”’ 
determinations in this series indicate no ap- 
parent systematic abnormality in acute myo- 
cardial infarction with or without shock, or on 
recovery. These findings are not surprising 
inasmuch as the patients were studied soon 
after they became ill and there was little time 
for them to accumulate fluid or become de- 
hydrated. 

Determinations of circulating blood volume 
based on a dilution technic, when done on 
patients in shock associated with myocardial 
infarction, probably should be based on several 
points of the 30-minute indicator disappearance 
slope, despite inferences drawn from work” 
on patients with traumatic shock. If a single 
10-minute sample is used, the indicator may 
be overly concentrated because the inefficient 
circulation has retarded its dissemination 
throughout the vascular compartment, and the 
calculated value for blood volume may thus 
be falsely low. This source of error may have 
contributed to the subnormality of values for 
blood volume in patients with shock resulting 
from myocardial infarction reported by Agress."* 

In view of the trends among the various 
groups of patients described above, it is pos- 
sible to propose certain hemodynamic charac- 
teristics of the patient with uncomplicated 
acute myocardial infarction. Cardiac output is 
subnormal and arterial pressure is usually 
slightly reduced, generally pari passu. Infre- 
quently there is significant increase in periph- 
eral resistance. Venous pressure and circulat- 
ing blood volume are normal. With recovery 
to the point where the patient is permitted 
full ambulation, there is a significant increase 
in cardiac output which, however, often re- 
mains subnormal. Total peripheral resistance 
changes inconsistently or not at all. Mean 
arterial pressure rises slightly or considerably, 
the increment chiefly being due to the increase 
in cardiac output. Larger increments in arterial 


pressure on recovery may be characteristic of 
the patients with hypertensive vascular disease. 

In contrast, the typical patient with myc- 
cardial infarction and shock has a cardiac out 
put that is extremely low, significantly lowe 
than in the patient with uncomplicated acut 
myocardial infarction. Total peripheral re 
sistance as calculated by the technics here use: 
is elevated in some patients, normal in others 
Mean arterial pressure is reduced, but no 
necessarily below the range of normal values 
the arterial pressure of a patient with hyper 
tensive vascular disease may drop sharply anc 
yet still be in the normal range. The typica 
patient with shock resulting from myocardia 
infarction has a venous pressure that is slightly 
elevated when compared with the norma! 
range. Circulating blood volume is normal. 

The extremely low values for cardiac index 
noted in the patients with shock suggests that 
the degree of reduction of cardiac output follow- 
ing myocardial infarction determines whether 
or not the patient will develop shock, and this 
has been proposed by some investigators." 
However, the data reported here indicate that 
following myocardial infarction cardiac output 
may fall to very low levels and yet shock need 
not necessarily develop. 

Furthermore, it appears that cardiac output 
does not necessarily increase progressively in 
the patient recovering from myocardial in- 
farction. In two patients who were studied 
during convalescence (fig. 5), values for cardiac 
output were found during convalescence that 
were significantly higher than values found 
after recovery. It seems clear, then, that the 
magnitude of cardiac output is only one of the 
factors that determines the clinical appearance 
and course of the patient with myocardial 
infarction. 


SUMMARY AND CONCLUSIONS 


Statistical analysis of the results of 154 
stimultaneous determinations of cardiac output 
by Fick and Hamilton technics, done in this 
and other laboratories, indicates that the latter 
yields values that are systematically slightly 
higher than those yielded by the Fick method. 
Nevertheless the reproducibility of the Hamil- 
ton technic is satisfactory, being within 25 
per cent at the 95 per cent confidence level. 
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By means of technics based on the Hamilton 
method for determination of cardiac output, 
hemodynamic studies were made at the bed- 
side on patients with myocardial infarction, 
on patients with uncomplicated arteriosclerosis, 
and on patients without cardiovascular disease. 

Patients with acute myocardial infarction 
without shock had a subnormal cardiac output. 
Following recovery cardiac output was noted 
to have increased significantly, but not to 
normal values. Some of these patients with 
acute myocardial infarction had a very low 
cardiac output, which appeared to be tempo- 
rary, but nevertheless they did not appear 
acutely ill, and were not in shock. The patients 
with acute myocardial infarction and shock 
had very low cardiac output, and either normal 
or elevated peripheral resistance. 

Cardiac index in aged patients with arterio- 
sclerosis but without clinical heart disease was 
significantly less than in the normal patients. 
These subnormal values were not accountable 
to a reduced total oxygen consumption. 

Circulating “blood volume” was not ab- 
normal in any of the phases of myocardial in- 
farction studied. 

Venous pressure tended to be elevated in 
shock which followed myocardial infarction. 

Some factor or factors in addition to the de- 
velopment of a very low cardiac output ap- 
pears necessary for the development of shock 
following myocardial infarction. 
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CASE SUMMARIES 


The patients in each group were fairly homoge- 
neous with regard to clinical status, therapy prior 
to study, and interval between development of 
illness and time of study. There were certain ex- 
ceptional patients, however, and because their 
respective histories are somewhat complex, they are 
summarized separately here. 

Ard. This 62 year old Negro male was first ad- 
mitted in February 1950, with hypertension and 
congestive heart failure. He was digitalized, but 
discontinued digitalis after discharge. He was ad- 
mitted to another hospital in October 1950, again 
with hypertension and severe congestive heart 


failure. He left against advice shortly after admission 
without having received medication. On Dec. 13, 
1950, he was admitted to Bellevue Hospital com- 
plaining of severe dyspnea, and of retrosternal pain 
which had commenced suddenly 18 hours before 
admission. When first examined at 11 p.m., he was 
severely dyspneic and orthopneic, apprehensive, and 
complaining of chest pain. He was in moderate 
shock, and the blood pressure was unobtainable. 
There was pulmonary edema and anasarca. Electro- 
cardiogram disclosed evidence of acute anterior wall 
infarction. The patient was given continuous posi- 
tive pressure oxygen by inhalation, and morphine 
and aminophyllin. Between midnight and 11 a.m., 
December 14, the patient received 750 ce. of plasma 
and 500 cc. of blood without apparent effect. The 
patient’s general status gradually deteriorated to 
that of severe shock without other change. Hemo- 
dynamic studies were done at 4 p.m., December 14. 
The patient expired at 5:30 p.m. 

Ore. This 52 year old Costa Rican male, a known 
hypertensive, had had recent onset of angina after 
overeating, but no symptoms of cardiac decom- 
pensation. At 3 a.m. on Sept. 18, 1951, h2 noted 
sudden onset of chest pain, weakness, diaphoresis 
and syncope. When admitted to the hospital two 
hours later he had a blood pressure of 80/54, and 
looked acutely ill. He was sedated with morphine. 
During the remainder of the night, the blood pres- 
sure remained about 80/50, but there was no other 
evidence of shock, and the patient, having been 
sedated, looked rather well. A house officer was con- 
cerned about the subnormal blood pressure, and ad- 
ministered 250 cc. of plasma at 7 a.m. The patient 
had a mild pyrogen reaction an hour later, and with 
this developed some extrasystoles. When hemo- 
dynamic studies were done at 10 a.m., September 
13, patient appeared to be in good condition, being 
afebrile and having evidence of neither congestive 
failure nor of shock. The heart rate was 80 to 100 per 
minute, with sinus arrhythmia. However, after 
hemodynamic study he developed ventricular tachy- 
cardia. During the next 13 hours the rhythm varied 
between wandering atrial pacemaker and ventricular 
tachycardia. During this time the patient was 
treated with oral doses of procaine amide. However, 
he died suddenly on September 14. 

Cass. This 66 year old Italian male sustained 
clinical myocardial infarction on March, 1 1952, and 
entered the hospital one day later. He had no 
symptoms of cardiac decompensation. Examination 
was negative except for scattered pulmonary basilar 
rales which were interpreted as hypostatic. Electro- 
cardiogram disclosed right bundle branch block, 
normal sinus rhythm, and subsequently disclosed 
progressive changes indicative of myocardial in- 
farction. Moderate fever was present during the first 
three hospital days. On the morning of March 21, 
he was found to be in moderate shock. Electro- 
cardiogram then disclosed what probably was a 
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ventricular tachycardia. This was converted to sinus 
rhythm shortly after the intravenous administration 
of 0.5 Gm. procaine amide. Nevertheless the patient 
remained in moderate shock. Hemodynamic determi- 
nations were made for the first time one hour after 
conversion of the arrhythmia. Subsequently the 
patient gradually recovered from shock without 
special treatment. Because the venous pressure was 
found to be somewhat elevated at the time of the 
initial hemodynamic study, although the patient 
had no other evidence of congestive heart failure, 
at the conclusion of study he was given Digoxin 
(1.5 mg. within 24 hours, 0.5 mg. daily thereafter, 
by mouth). Digitalis was discontinued on March 27. 
Hemodynamic studies were repeated on March 27, 


and again on May 7, when the patient was ready for 
discharge. 


Sumario EspaNou 
Produccion total cardiaca, presidn venosa y 
arterial, resistencia periférica total y volumen 
sanguineo fueron determinados en pacientes 

con infartos agudos del miocardio, en choque o 

sin choque, luego de convalecer y en pacientes 

sin enfermedad cardiaca. La produccién car- 
diaca cae bajo lo normal luego de un infarto 
del miocardio y aumenta significativamente, 
aunque no siempre hasta lo normal, al recobrar. 

Produccién cardiaca fué muy baja cuando el 

infarto fué complicado con choque. Decremento 

en la produccién cardiaca a niveles muy bajos 
no necesariamente conlleva al desarrollo de 
choque. La presién venosa tendié ha estar 
elevada en pacientes en choque como resultado 
de infartos del miocardio. La produccién car- 
diaca fué subnormal en pacientes con arterioes- 
clerosis sin enfermedad cardiaca clinica: esto 
no se pudo atribuir a una consuncidén disminuida 
de oxigeno por el cuerpo. 
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atherosclerotic Popliteal Aneurysm in a Man 


Thirty-five Years Old 


Report of a Case 


By Ray W. Girrorp, Jr., M.D., Toomas W. Parkin, M.D., anp JosepH M. Jans, M.D. 


This case of atherosclerotic aneurysm of the popliteal artery is of interest because the patient was 
a man 35 years old and because the condition was discovered only because palpation of the periph- 
eral arteries was included as a part of routine examination. Only after the aneurysm had been 
found was a history of intermittent claudication elicited. The indications for the surgical treatment 


of popliteal aneurysms are discussed. 


HE following case is of interest because 
we have been unable to find in the liter- 
ature any report of an aneurysm of 
proved atherosclerotic origin occurring in the 
popliteal artery of a patient as young as 35 
years. 
REPORT OF CASE 


A white man, 35 years old, registered at the 
Mayo Clinic concerned chiefly about a lump on 
his right testicle which he had noted six months 
previously. Examination of this lump revealed it 
to be a small spermatocele. 

During the physical examination, an aneurysm 
of the right popliteal artery was noted. Only upon 
direct questioning did the patient then disclose 
that for the previous 10 years he had experienced a 
sensation of numbness in the anterior portion of 
his right leg when walking. If he continued to walk, 
the entire leg would feel full and tight, and on sev- 
eral occasions he had had to stop because of this 
distress. He was not sure, however, whether cessa- 
tion of walking actually would relieve this discom- 
fort. The story was somewhat atypical, so far as 
intermittent claudication was concerned. The pa- 
tient had no complaints referable to the left leg. 

Physical examination disclosed nothing abnormal 
except for an aneurysmal dilatation of the right 
popliteal artery, which was about 3 or 4 em. in 
diameter. An arterial pulsation was readily palpable 
in the left popliteal space. Both femoral arterial 
pulsations were normal. The pulsation of the right 
posterior tibial artery was graded 2 (on the basis 
of 1 to 4); that of the left posterior tibial artery, 3. 
No pulsations were evident in either of the dorsalis 
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pedis arteries. Both legs and feet were of normal 
color. The feet were cool to the touch. There was no 
pallor on elevation of the lower extremities, nor 
was there any delay in venous filling. The patient 
was asked to walk in the corridor; after such ex- 
ercise he experienced distress in his right calf. At 
this time, the pulsation in the right posterior tibial 
artery was absent. After the patient had stood for 
two minutes, the distress in the calf disappeared 
and the right posterior tibial arterial pulsation was 
again present. 

Results of routine laboratory studies, such as 
urinalysis, value for hemoglobin and number of 
leukocytes, were normal. Reaction of a serologic 
test (Kline) for syphilis was negative. A roent- 
genogram of the thorax disclosed nothing abnormal. 
The content of cholesterol in the plasma was 190 
mg. per 100 cc.; for cholesterol esters the value was 
120 mg. per 100 cc. of plasma; for fatty acids, 342 
mg. per 100 ce. of plasma; and the value for total 
plasma lipoids was 532 mg. per 100 cce., all within 
the range of normal values. 

Six days later, bilateral femoral arteriography 
was performed by one of us (Janes), with the aid of 
a 35 per cent solution of iodopyracet (Diodrast). 
Roentgenograms revealed a sacculated aneurysm 
of the right popliteal artery (fig. la) and an ap- 
parently occluded left popliteal artery (fig. 1b). 
An abundant collateral circulation was noted in 
the region about the occluded left popliteal artery, 
however. 

On the day after arteriography, Dr. C. S. Mac- 
Carty, of the Section of Neurologic Surgery, per- 
formed a right lumbar sympathectic ganglionec- 
tomy and trunk resection.! With an anterior flank, 
S-shaped incision, the lumbar sympathetic chain 
was approached retroperitoneally through a muscle- 
splitting incision, and four lumbar ganglia and the 
intervening chain were removed. The patient was 
then turned face downward and the right popliteal 
aneurysm was extirpated by one of us (Janes). A 
longitudinal incision was made over the popliteal 
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Fig. 1. Bilateral femoral and popliteal arteriograms: (a) lateral roentgenogram, showing a 
sacculated aneurysm of the right popliteal artery; (6) lateral roentgenogram, showing an apparently 
occluded left popliteal artery with abundant collateral circulation about the occluded artery. 


Fic. 2. Gross appearance of the saccular aneu- 
rysm, showing a central cavity partially filled with a 
loosely organized blood clot. 


space and the aneurysm was removed according to 
the technic described by Janes and Ivins.? The pa- 
tient’s postoperative course was satisfactory. 
The aneurysm was 3 cm. in diameter and con- 
tained a laminated clot (fig. 2). Microscopie ex- 


amination of the wall of the aneurysmal sac re- 
vealed atherosclerotic plaques and disruption of 
muscular and elastic layers (figs. 3a and 6). 


CoMMENT 


Several authors** have reported aneurysms 
occurring in patients in the fourth decade of 
life, but all of the lesions in such cases have 
been considered to be of syphilitic origin. 

Harley’ reviewed 35 cases in which popliteal 
aneurysm was seen at Guy’s Hospital from 
1836 to 1893. The ages of the patients ranged 
from 25 to 75 years, and averaged 37 years. 
Pathologic data concerning these aneurysms 
were not reported. On a clinical basis, most of 
them were believed to be traumatic in origin, 
and in only five were there evidences of ar- 
teriosclerosis. The ages of the five patients 
were not mentioned. 
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Fig. 3(a). Longitudinal section of aneurysmal sac, showing disruption of vessel wall (elastic van 
Gieson’s; X10); (b) section through aneurysmal sac showing diseased arterial wall with athero- 
sclerotic plaques containing cholesterol crystal clefts: note disruption of muscular and elastic 


layers (elastic van Gieson’s; X60). 


Linton® reported on 42 patients who had 
popliteal aneurysm, 74 per cent of which were 
considered to be atherosclerotic. The age range 
of the patients with atherosclerotic aneurysms 
was 43 to 82 years, and the average was 65 
years. 

Kimpton and Sanderson’ performed aneu- 
rysmorrhaphy on popliteal aneurysms of two 
men, 27 and 34 years old. In both, the results 
of serologic tests were negative, but apparently 
no tissue was examined by the pathologist to 
determine the exact causation of these aneu- 
rysms. 

In a group of 69 patients with 100 popliteal 
aneurysms recently reported on by Hines and 
two of us (Gifford and Janes),!° the ages ranged 
from 17 to 88 years, and averaged 63 years. 
The 17 year old patient had an aneurysm that 
resulted from a gunshot wound in the popliteal 
space. The youngest patient in whom there 
was confirmation by the pathologist of an 
atherosclerotic aneurysm was 42 years of age. 

From the history of the patient reported on 


herein, it is difficult to determine how long the 
aneurysm had been present. Since the age of 
25 years he had had pain in the right leg when 
walking. At the time of our examination, we 
observed that the pulsation in the right pos- 
terior tibial artery temporarily disappeared 
when the pain was induced by having the 
patient walk. When the patient stopped walk- 
ing, the pulsation in this artery returned and 
the pain disappeared. These are the classic 
findings in so-called arteriospastic intermittent 
claudication. Gage" has postulated that the 
mere presence of an arterial aneurysm may, 
by irritation of the periarterial sympathetic 
nerves, produce spasm in the surrounding 
arterial tree. This may explain the finding of 
arteriospastic intermittent claudication in the 
patient we report on, and possibly could be 
taken as evidence that the aneurysm had been 
present for 10 years. It is readily recognized, 
however, that ‘‘arteriospastic” intermittent 
claudication is by no means pathognomonic of 
arterial aneurysm, and that it is indeed much 
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more frequently seen in the presence of athero- 
sclerosis of the peripheral arteries without 
aneurysms. 

On rather circumstantial evidence we can 
speculate that our patient also has an aneurysm 
of his left popliteal artery, and that the artery 
has become occluded by a thrombus. The ar- 
teriogram of that artery demonstrated definite 
occlusion, with a very adequate collateral circu- 
lation. Since in 45 per cent of patients with 
popliteal aneurysms the condition is bilateral,!° 
and since occlusion by thrombosis is the com- 
monest complication of popliteal aneurysms, 
it is reasonable to suppose that there is also an 
aneurysm of the left popliteal artery which 
we were unable to demonstrate clinically. 

It is interesting to consider that the patient 
was entirely unaware of the pulsating mass 
behind his right knee. Only careful physical 
examination disclosed it. The importance of 
the physical examination in the diagnosis of 
popliteal aneurysm cannot be overemphasized. 
Ninety-eight of 100 popliteal aneurysms were 
first detected by palpation of the popliteal 
space.!° Symptoms are absent in about a third 


of cases, which means that many aneurysms 
will be overlooked unless palpation of the 
popliteal space is included in every examina- 
tion. 


Surgical treatment of the aneurysm was ad- 
vised in this case. Surgical treatment should 
be carried out in all cases when the operative 
risk is not prohibitive, because of the serious 
prognosis if the aneurysm is not removed. In 
the follow-up study of Hines and two of us 
(Gifford and Janes), approximately 23 per 
cent of legs with untreated popliteal aneurysms 
eventually had to be amputated, while only 
8 per cent of legs were lost after surgical re- 
moval or obliteration of aneurysms.!° 


SUMMARY 


A case in which a 35 year old man had an 
atherosclerotic aneurysm of the popliteal artery 
has been reported. As far as we can determine, 
this is the youngest patient ever reported in 
whom this diagnosis has been confirmed by the 
pathologist. 

The importance of the physical examination 


in the diagnosis of popliteal aneurysms is em 
phasized and a plea is made for routine surgica 
treatment of these aneurysms because of th: 
poor prognosis without treatment. 


SuMARIO EspaNou 


Se informa el caso de un hombre de 35 ajio 
de edad con un aneurisma ateroesclerético d 
la arteria poplitea. Por lo que nosotros podemo 
determinar, este es el paciente mas joven en e 
cual el diagnéstico ha sido confirmado por e 
patdlogo. 

La importancia del examen fisico en e 
diagndéstico de aneurismas de la arteria poplite: 
se enfatiza, y se insta a tratar estos casos qui- 
rurgicamente debido al prognéstico pobre que 
existe sin tratamiento. 
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Visualization of Valvular and Myocardial 


Calcification by Planigraphy 


By Louis A. Souorr, M.D., Jacop Zatucunt, M.D., M.S. (Mep.), AND Herpert Fisuer, M.D. 


A preoperative diagnosis of valvular calcification that indicates advanced degeneration and implies 
potential immobility is now of more than academic interest. It is also of importance in uncovering 
aortic valvular disease that may contraindicate mitral commissurotomy. Surgical experience indi- 
cates that conventional roentgenography has a low positive yield. Fluoroscopy, in our hands, has a 
high positive yield but has the disadvantages of dependence upon individual interest and knowl- 
edge and of failure to provide a permanent record verifiable by others. In this study, planigraphy 
is demonstrated to be superior to all other methods described for the detection of intracardiac calci- 


fication. 


ALCIFICATION anywhere within the 

heart is a sign of localized dead tissue. 

Within the heart valves, it implies 
at least the possibility of a disturbance in 
motility. Within the left auricular wall, it may 
represent a final degenerative stage of an 
adherent auricular thrombus and by its 
presence warn the surgeon of this possibility. 
It may, also, uncover a hitherto unsuspected 
aortic valvular lesion that may contraindicate 
mitral commissurotomy. For these reasons, a 
preoperative diagnosis of valvular or auricular 
calcification is no longer of purely academic 
interest. Of 36 consecutive individuals sub- 
jected to mitral commissurotomy, 17 (or 47.2 
per cent) had calcification of the mitral valve 
recognized at operation. Of these 17, however, 
in only 2 was calcification recognized before 
operation by the radiologist on the basis of 
conventional studies. Our own fluoroscopic 
examination disclosed a higher incidence of 
calcification than that reported by the radiolo- 
gist. 

Apparently, fluoroscopy, done by individuals 
who are well adapted to the dark and have both 
interest and knowledge of the subject, is far 
superior to conventional films in detecting 
calcification.| However, fluoroscopy — suffers 
because it does depend upon individual interest 
and knowledge, and also because it fails to 
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provide a permanent record that can be verified 
by others.? For these reasons, we have sought 
other means of detecting and of obtaining a 
permanent record of the presence of calcifica- 
tion. 

The purpose of this study is to indicate that 
planigraphy is a simple and highly successful 
method of providing permanent evidence of 
significant calcification within the heart. 


MATERIAL AND TECHNIC 


This report consists of an analysis of 13 con- 
secutive individuals who demonstrated intracardiac 
calcification by planigraphy. Nine had rheumatic 
heart disease and one in addition had a right aortic 
arch. All of these had mitral valvular disease, 
predominantly stenosis, and one of these in addition 
had aortic stenosis. They were between 26 and 59 
years old. The other four, between 52 and 70 years, 
had aortic valvular disease, three with stenosis and 
one with insufficiency, but had no history of rheu- 
matic fever. The one with aortic insufficiency had 
hypertension. Six had sinus rhythm and seven had 
auricular fibrillation. Seven were subjected to 
mitral valvular surgery and a diagnosis of calcifica- 
tion was confirmed in each. 

Conventional roentgenograms were taken in the 
posterior-anterior, right and left anterior oblique, 
and left lateral views. Roentgenograms with the 
Potter-Bucky diaphragm were made in nine 
instances. Roentgenograms with the use of a cone, 
a Potter-Bucky diaphragm and short exposure time 
were made in six instances. 

Planigraphy was done with the patient in the 
left lateral, right anterior oblique or left posterior 
oblique position. Sections were made usually at 
intervals of 1 em., occasionally at 0.5 em., at a 
distance varying from 6 to 15 em. from the table-top. 
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VISUALIZATION OF CALCIFICATION BY PLANIGRAPHY 


TABLE 1.—Clinical and Roentgenologic Findings in Individuals with Valvular Heart Disease Studied for 


| 
| Conven- 


Patient Clinical* Special 


+- M. 


RHD. MS. AI. 
EH. AF. 
RHD. MS. MI. 
EH. AF. 8S. 
EH. AS. AF. 


+ M. 
O 


RHD. MS. MI. mu. | 
EH. NSR. S. | 
RHD. MS. MI. | +-M. | 
EH. AF. S. 
EH. AS. NSR. A. 
RHD. AS. MS. 
EH. NSR. S. 
RHD. MS. MI. 
EH. AF. S. 
RHD. MS. MI. 
EH. NSR. S. 
RHD. MS. MI. 
EH. AF. 8S. 
EH. AS. NSR. 


+M. | 
+M. 
+M. 


520 + A. 


59¢° RHD. MS. NSR. 
EH. Rt. aortic arch 
Hypertensive 

AI. EH. AF. 


+ M. 


56 + M. 


tional 


O 


O 


O 


O 


O 


O 


O 


Fluoroscopy | Roent- | 
| genogram 
i |- . 


| +A. 


+A. &M.| + M. | 


Intracardiac Calcification 


| im | 
Potter-Bucky | Supplementary | 
Diaphragm | Cone | 


Planigraphy 


| 
| 
O 
RAO. 7 to 9 em. 
+ M. 
Lt. lat. 914 to 11 em. 
+A. &M. 
. lat. 10 to 11 em. 
+M. 
. lat. 7 to 10 em. 
+ M. 
zt. lat. 11 em. 
+ A. 
. lat. 844 em. 
+A. &M. 
. lat. 1016 to 1114 em. 
+M. & LA. wall 
| Lt. lat. 8144 cm. 
+M & LA. wall 
| RAO. 9 em. 
| + M. 
| RAO. 9 em. 
+A. &M. 
| RAO. 9 to 11 em. 
+ M. 
RAO. 9 to 11 em. 
| + M. 
| RAO. LPO. 9 to 13 em. 


O | +M. | 
| RAO. only 


O 


| 
| 


+ M. 
RAO. 
+ M. 
RAO. 
+ A. 








* RHD. = Rheumatic heart disease. MS. = Mitral stenosis. MI. = Mitral insufficiency. M. = Mitral. AS. = 


Aortic stenosis. AI. = Aortic insufficiency. EH. = Enlarged heart. A. = Aortic. AF. = Auricular fibrillation. 


NSR. = Normal sinus rhythm. 8S. = surgery. 


RESULTS 

1. Conventional roentgenography: Calcifi- 
cation was demonstrated in only 2 of these 13 
patients, one with aortic and the other with 
mitral valvular calcification. 

2. Roentgenographic study with the Potter- 
Bucky diaphragm: Calcification was revealed 
in only two of nine patients, one with aortic 
and the other with aortic and mitral valvular 
calcification. 

3. Potter-Bucky diaphragm with the use of a 
cone and short exposure time: Calcification 
was demonstrated in four of six cases studied, 
three with mitral and one with aortic calcifi- 
cation. 

4. Fluoroscopic study by each of us inde- 
pendently revealed calcification in 12 of these 
13 patients, in 9 calcification being in the 


mitral valve, in 2 in the aortic valve, and in 1 in 
both the aortic and mitral valves. 

5. Planigraphic study: Calcification was 
demonstrated in the mitral valve alone in 
seven patients, in the mitral and aortic valve 
in three, in the mitral valve and left auricular 
wall in two, and in the aortic valve alone in 1. 

A summary of all these findings is shown in 
the accompanying table. 


DISCUSSION 


Planigraphy is not only superior to all other 
methods? in the number of _ individuals 
demonstrating calcification, but calcification 
is more readily recognized in these films be- 
cause its shadow stands out in marked contrast 
to the surrounding cardiac densities. Un- 
fortunately, this marked contrast clearly 
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Fig. 1. Right anterior oblique planigram at a level 
of 8.5 em. from the table-top. Note the calcifications 
in the upper midportion of the cardiac density. Case 
M. D., female, 70 years old, with aortic stenosis, left 
ventricular hypertrophy, auricular fibrillation and 
heart failure. Fluoroscopy and conventional roent- 
genography also demonstrated aortic valvular cal- 
cificatio 2. 


Fig. 2. Left posterior oblique planigram at a level 
of 11 em. from the tabletop. Note the globular calci- 
fication in the midportion of the cardiac density. 
Case L. S., female, 56 years old, with hypertensive 
vascular disease, aortic insufficiency, auricular fibril- 
lation and no history of rheumatic fever. The mitral 
valvular calcification was totally unsuspected and 
gave credence to the possibility of underlying rheu- 
matic heart disease as the cause for the aortic mur- 
mur. Conventional roentgenograms failed to disclose 
any calcification. 


Fig. 3. Left lateral planigram at a level of 11.5 em. 
from the tabletop. Note the calcification of the mitral 
and aortic valves and the enlarged left atrium. Case 
O. C., male, 42 years old, with rheumatic heart dis- 
ease, aortic and mitral stenosis, and sinus rhythm. 
Calcification of the mitral valve was found at sur- 
gery. Conventional roentgenography revealed calci- 
fication of the mitral valve only. 


Fig. 4. Right anterior oblique planigram at a level 
of 6 cm. from the tabletop. Note the calcification of 
the wall of the left auricle and of the mitral valve. 
Operation confirmed the presence of calcification in 
these regions. Case W. S., male, 36 years old, with 
rheumatic heart disease, mitral stenosis and insuffi- 
ciency, auricular fibrillation and heart failure. Con- 
ventional roentgenography disclosed no calcification. 









seen in the original planigrams and in repro- 
ductions on lantern slides is partly lost by paper 
photographs of the film. 

The calcified valve may be seen as a solid 
or a broken group of globular, linear or punc- 
tate shadows. The position of these shadows is 
readily located because the cardiovascular 
landmarks are easily recognized. Calcification 
of the aortic valve, in planigrams taken in the 
right anterior oblique position, is seen in its 
relationship to the ascending aorta in the upper 
and anterior part of the cardiac density 
(fig. 1). Calcification of the mitral valve is seen 
in the midportion of the cardiac density at the 
level of the inferior border of the left atrium 
in planigrams taken in the right anterior or 
left posterior oblique projections (fig. 2).* 
When both valves are calcified (fig. 3), calcifi- 
cation of the mitral valve is seen inferior and 
posterior to that of the aorta. 

The calcifications are most commonly seen 
in sections taken approximately 9 cm. from 
the table top. Although we employed prin- 
cipally the left lateral and the right anterior 
oblique projection, Davies and Steiner! ob- 
tained satisfactory results using only the left 
posterior oblique projection. Studies are now in 
progress to determine, among other things, 
the optimum projection for the demonstration of 
specific intracardiac or vascular calcification. 

In two instances, planigraphy clearly dem- 
onstrated calcification of the left auricular 
wall (fig. 4) totally unsuspected by all other 
studies and confirmed at surgery. It appeared 
on the planigram as a sharp linear density in 
the lateral portion of the left auricular density. 
A roentgenologic diagnosis of left auricular 
calcification has rarely been made.* Based upon 
this small group and upon our operative 
findings, it is likely that such a diagnosis will 
be made more frequently, if the technique of 
planigraphy is employed. 


* Right anterior oblique projection indicates that 
the right anterior thorax is adjacent to the film. Left 
posterior oblique projection indicates that the left 
posterior thorax is adjacent to the film. 
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CONCLUSIONS 


1. An analysis is made of the findings by 
conventional roentgenological methods in 13 
consecutive individuals who demonstrated 
intracardiac calcification by planigraphy. 

2. It is demonstrated that planigraphy is 
superior to all other methods described in 
detecting calcification. 

3. It is suggested that planigraphy become a 
routine study if the detection of intracardiac 
calcification is regarded as important. 


SuMARIO EspaNou 


El diagnéstico preoperatorio de calcificacién 
valvular que indica degeneracién avanzada e 
implica inmovilidad potencial, en el presente, 
es considerado de mas que interés académico. 
También es de importancia en revelar enferme- 
dad adrtica valvular que pudiera contraindicar 
comisurotomia mitral. Experiencia quirtrgica 
indica que el estudio radiolégico convencional 
produce un rendimiento bajo. La fluoroscopia 
en nuestras manos tiene un rendimiento alto 
pero tiene las desventajas de depender en 
interés y conocimientos individuales y la falta 
de proveer un record permanente que pueda ser 
verificado por otros. En este estudio, la plani- 
grafia demostré ser superior a todos los demas 
métodos descritos para la deteccién de calcifica- 
ciones intracardiacas. 
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The Genesis and Importance of the Electro- 
cardiogram in Coarctation of the Aorta 


By Rosert F. Zrecuier, M.D. 


The electrocardiogram in uncomplicated coarctation of the aorta in infants reflects the pattern of 
the fetal circulation and serves as a useful prognostic guide. When the fetal ductus inserts proxi- 
mally to the region of coarctation and closes at birth, right ventricular enlargement is present at 
birth but is retrogressive. Furthermore, in this situation collateral circulation has begun to develop 
before birth so that the left ventricle can compensate on assumption of the postnatal circulation, 
and the prognosis is good. When the insertion of the fetal ductus is distal to the coarctation, progres- 
sive, and frequently fatal, left ventricular enlargement and failure develop shortly after birth. 
Modifications of these electrocardiographic patterns in the production of right bundle branch 


block are also discussed and illustrated. 


ITTLE has been written by way of 
defining the precise value of the elec- 
trocardiogram in the various forms of 

congenital heart disease. A few papers have 
described the form of the auricular and ven- 
tricular deflections in autopsied cases,® but 
this type of information has added little to 
the solution of clinical problems in living pa- 
tients. Advances that are continuing to be 
made in the surgical correction of congenital 
cardiovascular defects obviously must be ac- 
companied, or better, preceded, by similar 
advances in accuracy of differential diagnosis, 
prognosis, and the selection of cases for opera- 
tion. To this end a number of clinical and 
laboratory procedures are available. Against 
a background of clinical, physiologic, roent- 
genographic, surgical, and pathologic data, 
it is our purpose to evaluate critically the 
clinical importance of the electrocardiogram 
in coarctation of the aorta. 


MATERIAL AND DIAGNOSIS 


Material for this study includes observations from 
a total of 57 patients with coarctation of the aorta, 
54 of whom had complete electrocardiograms 
recorded. The age range of these patients was from 
10 days to 36 years. In 38 cases the coarctation was 
uncomplicated; in eight there was only an associated 
patent ductus arteriosus (two proximal, four distal 
to the coarctation, and two in an indeterminate 
position); in nine there were other associated intra- 
cardiac anomalies; two occurred in association with 
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a double aortic arch and two with a right retro- 
esophageal subclavian artery attached distal to the 
region of coarctation. Physiologic studies were done 
in 15 cases, retrograde aortography in 2, and surgery 
in 34 with only one operative mortality.* In the 
entire group there were 15 deaths and 11 autopsy 
examinations. 

It must be generally agreed that the electro- 
cardiogram is not in any way essential for establish- 
ing the diagnosis of coarctation of the aorta. The 
clinical diagnosis depends on a demonstration of the 
mechanical effects of a localized obstruction to aortic 
blood flow, to which the electrocardiogram can only 
give confirmatory information, namely, evidence 
of unilateral ventricular enlargement. An important 
question will therefore concern itself with the ac- 
curacy with which the electrocardiogram can pro- 
vide this information. 

It is interesting to note that in 57 patients with 
coarctation of the aorta the clinical diagnosis was 
made correctly in 46 and missed in 11. The diagnosis 
of coarctation was made incorrectly in one case not 
included in this report (a 2 week old infant in whom 
the autopsy diagnosis of an endocardial tumor of the 
left ventricle was established). All 11 patients in 
whom the clinical diagnosis was missed were infants, 
and all had complicated combinations of defects in 
which the primary diagnostic evidence of aortic 
obstruction was diminished or absent. These in- 
cluded: (1) double aortic arch with coarctation of the 
anterior segment; (2) patent ductus arteriosus 
with aortic insertion distal to the region of coarcta- 
tion; (3) retroesophageal right subclavian artery 
originating distal to the coarctation and carrying 
blood into the descending aorta; and (4) transposi- 
tion of the great vessels with other associated intra- 
cardiac defects. In most of these instances the diag- 
nosis of coarctation probably could have been made 
by roentgenographic visualization (retrograde 


* All operations were done by Dr. Conrad R. Lam. 
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aortography). Furthermore, diagnostic roentgen- 
ography has the additional advantage of making 
evident the exact location and extent of the coarcted 
segment, a fact which might occasionally be of im- 
portance in adults but is seldom necessary in small 
children. 


ELECTROCARDIOGRAPHIC FINDINGS 


One of the ways in which the electrocardio- 
gram should be most helpful in establishing or 
confirming the diagnosis of any particular 
form of congenital heart disease is the indica- 
tion it gives of unilateral ventricular enlarge- 
ment consistent with the defect in question. 
Furthermore, it might reasonably be expected 
that in uncomplicated coarctation of the aorta 
the electrocardiogram should display some 
evidence of left ventricular enlargement. But 
when one observes the high incidence of right 
as well as left ventricular hypertrophy in such 
patients (table 1), the problem of reconciling 
the diversity of electrocardiographic patterns 
within what appears to be a single clinical 
entity justifiably arises. An explanation for 
these observations in terms of other correlative 
data should help to establish the significance 
and usefulness of the electrocardiogram in this 
condition. 

It is to be noted that all of the patients with 
uncomplicated coarctation of the aorta whose 
electrocardiograms were characteristic of right 
ventricular hypertrophy were infants less than 
6 months of age. Several observations in this 
group of patients are worthy of particular 


TABLE 1.—Electrocardiographic Findings in Coarctation of the Aorta 


mention: (1) Two infants, age 10 days and 2 
weeks, respectively, when first seen were in 
severe right-sided congestive heart failure 
which rapidly and permanently disappeared 
following the administration of digitalis, di- 
uretics, and oxygen (fig. 1). (2) Two babies, 
age 2 weeks and 5 months, respectively, had 
electrocardiographic evidence of right ven- 
tricular hypertrophy but a normal instead of 
an elevated right ventricular mean pressure. 
(3) All of the electrocardiograms in this group 
which were originally characteristic of right 
ventricular hypertrophy progressed during the 
first year to patterns of right bundle branch 
block with or without associated evidence of 
left ventricular hypertrophy. (4) All of the 
infants survived and later had successful surgi- 
cal correction of the aortic coarctation. (5) 
At the time of operation in these cases the 
aortic insertion of the ligament of the ductus 
was located at or just proximal to the site 
of the coarctation. 

In contrast to these infants with uncompli- 
‘ated coarctation of the aorta and electro- 
cardiographic evidence of right ventricular 
hypertrophy are a comparable number in the 
same age group with electrocardiograms char- 
acteristic of left ventricular hypertrophy or 
left bundle branch block (fig. 2). The most 
notable observation in this group is the high 
mortality rate of 60 per cent during early 
infancy. Unfortunately, autopsy information 
is lacking with regard to the aortic attach- 


. RVH-> , Indeter- 
| Normal | RVH Rt. BBB Rt. BBB LVH |Lt. BBB See 


Uncomplicated coarctation 
Birth-18 months 
3 years-adult..... 








Coarctation with patent ductus. .. 
Proximal to coarctation 
Distal to coarctation 
Indeterminate position 


(3 ECG’s) 


Complicating defects 11 (9 ECG’s) 
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RVH—Right ventricular hypertrophy; Rt. BBB—Right bundle branch block; LVH—Left ventricular hy- 
pertrophy; Lt. BBB—Left bundle branch block. 
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Fig. 1. A series of precordial leads in a baby with uncomplicated coarctation of the aorta, in whom 
the fetal ductus attached proximal to the region of coarctation and closed at birth. When first seen 


at the age of 10 days there was evidence of right ventricular enlargement and right-sided conges- 
tive heart failure which cleared rapidly and permanently under medical management. Surgical 
resection of the coarctation was done successfully at the age of 3'4 years. Note the electrocardio- 
graphic progression from right ventricular hypertrophy to right bundle branch block. 


Fig. 2. The precordial-lead electrocardiogram in a baby with uncomplicated coarctation of the 
aorta. Although the electrocardiogram displays evidence of left ventricular hypertrophy and at 
2 years left bundle branch block, there is also evidence at 3 weeks of associated right bundle branch 
block. At no time was there evidence of cardiac failure, and surgery was done successfully at the 
age of 2 years. It is impossible to state the exact functional position of the fetal ductus in this case. 
At operation the ligament of the ductus attached almost exactly into the region of coarctation. 
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ment of the ligamentum arteriosum, which 
might be assumed to have been distal to the 
region of coarctation. 


DiIscussioN 

The very minimum that can be learned from 
the foregoing observations is that the electro- 
cardiogram in uncomplicated coarctation of 
the aorta has considerable prognostic sig- 
nificance. Evidently, whatever mechanism 
produces predominant left ventricular enlarge- 
ment in infants with coarctation also predis- 
poses them to an early fatal termination, 
usually cardiac (left ventricular) failure. In- 
fants with coarctation and predominant right 
ventricular enlargement are apparently not so 
predisposed, cardiac strain and failure in these 
eases being retrogressive rather than progres- 
sive as in the former group. An explanation 
which has previously been suggested involves 
the position of the fetal ductus with relation 
to the region of coarctation and the resulting 
pattern of the circulation before and just 
after birth.’ 

Assuming that coarctation of the aorta is 
present during fetal life, the circulatory dy- 
namics and resulting work-load of right and 
left ventricles would depend on the location of 
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the aortic insertion of the ductus arteriosus. 
If this were distal to the region of coarctation 
the circulatory dynamics would not be basicall: 
different from that of normal infants in uterc 
and the size of each ventricle at birth wouk 
be normal. Further, since the descending aort: 
would be supplied with blood from the pul 
monary artery via the ductus arteriosus, ther 
would be no stimulus for the development. i 
utero of any collateral circulation around th 
region of coarctation. At birth, particularl 
if the ductus closes normally, a severe strain i 
placed on the left ventricle, which cannot. b: 
well borne because of the lack of adequat: 
collateral circulation, with the result that pro 
gressive left ventricular enlargement anc 
failure are likely to occur and will frequently 
result in early death. 

If the fetal ductus inserts proximally to the 
region of coarctation, or in such a manner 
that the coarcted segment obstructs the ductus 
as well as the aorta, pressure within the pul- 
monary vascular circuit would be increased, 
and the resulting right ventricular enlargement 
would be present at birth. If the lesion were 
sufficiently severe, right-sided cardiac failure 
might even be present at this time. At birth, 
particularly if the ductus closes, the abnormal 
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Fig. 3. The precordial-lead electrocardiogram in a child with coarctation of the aorta with a patent 
ductus arteriosus inserting proximal to the region of coarctation. At 5 months the electrocardiogram 
shows right ventricular hypertrophy probably in combination with right bundle branch block; at 
2 years right bundle branch block predominates, possible with the addition of left ventricular hy- 
pertrophy (ventricular activation time of 0.04 second in lead V¢). Cardiac catheterization 
at 5 months indicated an elevated right ventricular pressure. Surgical correction of both patent 


ductus arteriosus and the coarctation was done successfully at the age of 2 years. 
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\ork-load imposed on the right ventricle in 
i tero is abruptly transferred to the left ven- 
‘ricle which usually does not dilate and fail 
‘ince adequate collateral circulation is sup- 
osed to have developed antenatally under 
hese circumstances. Cardiac failure and right 
‘entricular enlargement in this type of case 
hould be and usually is retrogressive and thus 
ears a favorable prognosis without any need 
or immediate surgical interference. 

If the original thesis concerning the relation 
vetween the incidence of neonatal right ven- 
ricular hypertrophy in coarctation of the 
vorta and the proximal position of the fetal 
luctus arteriosus is correct, then one would 
expect electrocardiograms characteristic of 
right ventricular hypertrophy or right bundle 
branch block in infants with coarctation and 
persistent patency of a proximal ductus. This 
is indeed the case as observed in two such in- 
fants of this series (fig. 3). One essential differ- 
ence between these comparable groups of cases 
with electrocardiographic evidence of right 
ventricular hypertrophy is the normal pul- 
monary artery and right ventricular pressures 


in those in which the ductus closed normally 


at birth and higher than normal pulmonary 
artery and right ventricular pressures in those 
in whom the ductus remained patent. These 
pressures in the latter circumstance are, in 
fact, higher than in infants of a comparable 
age with only an uncomplicated patent ductus 
arteriosus, presumably reflecting the increased 
pulmonary blood flow resulting from the high 
aortic-pulmonary pressure gradient. It is in 
this situation, that is, coarctation of the aorta 
with a proximal patent ductus, that pulmonary 
hypertension and progressive pulmonary vas- 
cular sclerosis have been reported.* 

Because of the pulmonary arterial and right 
ventricular hypertension when the proximal 
ductus remains patent, neonatal right ven- 
tricular enlargement and possible congestive 
changes may be expected to regress less rapidly 
than when the proximal ductus closes normally 
at birth. In this situation surgical intervention 
may be necessary much earlier than in uncom- 
plicated coarctation of the aorta (with a closed 
proximal ductus) and, in some cases at least, 
earlier than in uncomplicated patent ductus 
arteriosus. 

When the ductus remains patent, the aortic 


Fig. 4. Precordial-lead electrocardiograms of two infants (A, 2144 months; and B, 5 months) with 
coarctation of the aorta and a patent ductus arteriosus inserting distal to the region of coarctation. 
Both had anatomic left ventricular hypertrophy at autopsy with some enlargement of the right 
ventricle as well. Both babies had right ventricular hypertension as indicated by cardiac cathe- 
terization. In the first patient (A) the pulmonary artery pressure was lower than right ventricular 
pressure, indicating a functional pulmonary stenosis. At autopsy this was found to be due to en- 
croachment on the outflow tract of the right ventricle by a greatly hypertrophied interventricular 


septum, (apparently a true Bernheim syndrome). 
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insertion of which lies distal to the region of 
coarctation, certain reasonably consistent ob- 
servations may be made. These include the 
following: (1) Predominant left ventricular 
hypertrophy was uniformly present (on ne- 
cropsy evidence in two cases and on clinical 
evidence in one), usually in combination with 
some degree of right ventricular enlargement 
as well. (2) The electrocardiogram rarely dis- 
played evidence of left ventricular hyper- 
trophy, but in all three cases was characteristic 
of right bundle branch block instead (figs. 4 
and 5). (3) Pulmonary artery and right ven- 
tricular hypertension were regular features. 
The mortality rate in this group can hardly 
be compared with the rate in those in whom 
the ductus, supposedly attached distal to the 
coarctation, closed. Of the three infants with a 
distal open ductus, one died in heart failure 
at 244 months, one died during operation as 
the ductus was being closed, and one survived 
successful surgery (division of the patent duc- 
tus and resection of the coarctation) at the 
age of 5 months (fig. 5). 


From the observations made thus far, i 
would appear that coarctation of the aorta, 
regardless of where the ductus inserts an 
whether or not it remains patent, is regularl’ 
associated after the neonatal period wit 
anatomic left ventricular enlargement, prc- 
viding of course that there is no other intra- 
cardiac defect that would disturb the usu: 
relation between right and left ventricula 
output. The actual appearance of the electrc- 
cardiogram, however, seems to depend o 
other factors. Apparently the only clinica 
circumstance which favors the developmen 
of the classic electrocardiographic pattern o 
left ventricular hypertrophy is coarctatior 
with a distal closed ductus, or anatomic lefi 
ventricular enlargement together with norma: 
right ventricular size and pressure. Currently 
accepted electrocardiographic evidence of right 
ventricular hypertrophy was observed in in- 
fants with coarctation of the aorta only in two 
circumstances: (1) transiently during the im- 
mediately neonatal period when the fetal 
ductus attached proximal to the coarctation 


Fig. 5. The precordial leads in a baby with coarctation of the aorta and a distal patent ductus 
arteriosus. Right ventricular pressure was elevated, and the degree of cardiac enlargement plus the 
presence of congestive heart failure made operation seem imperative. Division of the ductus fol- 
lowed by resection of the coarctation was done successfully at the age of 5 months. Note the change 
from predominant right to left ventricular hypertrophy. One would probably be correct in assuming 
the presence of both right and left ventricular enlargement at 5 months although this could hardly 
be detected by the electrocardiogram at this time. A, preoperative (5 months); B, postoperative 


(6 months). 
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‘ut closed normally at birth, and (2) infre- The most common electrocardiographic pat- 
uently during later infancy when the ductus tern in infants with coarctation of the aorta 
ttached distal to the coarctation and remained is that of right bundle branch block which 
vatent. appears under two fundamentally different 


Fig. 6. Precordial lead electrocardiograms in three older children with uncomplicated coarcta- 
tion of the aorta. All show evidence of left ventricular hypertrophy. For further discussion, see text. 


Fig. 7. Precordial lead electrocardiograms in three patients with uncomplicated coarctation 
of the aorta. All display evidence of right bundle branch block. For further discussion, see text. 
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circumstances. The first is the stage of retro- ductus. The second is in association with th 
gression of the right ventricular hypertrophy combination of left ventricular enlargemen 
which characterizes the electrocardiograms of and right ventricular hypertrophy or hyper- 
infants with coarctation and a proximal closed tension. The latter combination occurs wit 
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Fig. 8. Precordial leads in a child with an uncomplicated interauricular septal defect as diagnosed 
by cardiac catheterization. Note again the early pattern of right ventricular hypertrophy changing 
to one of uncomplicated right bundle branch block. For further discussion, see text. 


\4R V1 V2 V5 Y4 V5 % 


Fig. 9. Precordial leads Vix and V, through V¢ in a child with a normal heart. Note the evidence 
of apparent right ventricular hypertrophy at the age of 2 weeks and the progression to a pattern of 
uncomplicated right bundle branch block. For further discussion, see text. 
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oarctation of the aorta and a patent ductus 
ither proximal or distal to the region of aortic 
ibstruction. 

The explanation for the electrocardiographic 
vattern of left ventricular hypertrophy in older 
hildren and adults with uncomplicated co- 
rctation of the aorta seems obvious. However, 
n older children and adults nearly half of the 
‘lectrocardiograms are characteristic of right 
uundle branch block instead of left ventricular 
iypertrophy (table 1, figs. 6 and 7). This 
yattern, that is, right bundle branch block, 
night reasonably be assumed to represent a 
‘tage in the progression from neonatal right 
ventricular hypertrophy, and has been ob- 
erved in at least three different clinical situa- 
ions: (1) in uncomplicated coarctation of the 
aorta with the fetal ductus attached proximal 
o the coarctation and closed at birth (fig. 1); 
(2) in uncomplicated interauricular septal 
defect (fig. 8); and (3) in the normal electro- 
cardiographic progression in infants without 
any evidence of cardiovascular disease (fig. 9). 
Without precise information regarding the 
electrophysical mechanism involved, these 
observations provide a description of one con- 
sistent electrocardiographic sequence in the 
development of the pattern of right bundle 
branch block. An important associated prob- 
lem, which is the subject of a separate study, 
is to determine criteria for the detection of 
right or left ventricular hypertrophy in com- 
bination with defects of intraventricular con- 
duction. Mention should also be made that in 
older children and adults the different electro- 
cardiographic patterns do not have the same 
prognostic value as stated for the infant group. 


SUMMARY AND CONCLUSIONS 


Correlated data have been assembled in 57 
yatients with coarctation of the aorta, ranging 
n age from 10 days to 36 years. On the basis 
f this material the following observations 
ave been made. 

1. Electrocardiographie evidence of right 
ventricular hypertrophy or right bundle branch 
block was observed frequently in infants with 
uncomplicated coarctation of the aorta. The 
following statements regarding this group of 
patients seemed justified, and evidence was 
cited: (a) Right ventricular enlargement at 


birth results from the fetal circulatory pattern 
with the ductus inserting proximal to the 
region of coarctation. (b) Neonatal right ven- 
tricular enlargement and occasionally right- 
sided congestive heart failure are retrogressive 
and do not necessitate immediate surgical 
interference if the ductus closes normally at 
birth. (c) The prognosis in these infants is 
excellent. 

2. Electrocardiographic evidence of _ left 
ventricular hypertrophy (and occasionally left 
bundle branch block) was observed less fre- 
quently in infants with uncomplicated coare- 
tation of the aorta than in older children and 
adults with this defect. The following observa- 
tions appeared to characterize this group of 
infants: (a) Left ventricular enlargement and 
failure are progressive and usually fatal. (b) 
This sequence of events is believed to represent 
the pattern of the fetal circulation with the 
ductus in utero inserting distal to the region 
of coarctation and closing after birth. 

3. The genesis of the electrocardiographic 
pattern of right bundle branch block in older 
children and adults with uncomplicated co- 
arctation of the aorta is believed to result, in 
part at least, from the sequential progression 
of right ventricular hypertrophy to right 
bundle branch block as observed when the 
fetal ductus inserts functionally proximal to 
the region of coarctation and closes at birth. 

4. The same electrocardiographic sequence, 
from right ventricular hypertrophy to right 
bundle branch block, has also been observed 
in normal infants and children and in babies 
with uncomplicated interauricular septal 
defect. 

5. Right bundle branch block is apparently 
a characteristic electrocardiographic pattern 
when there is combined right and left ventricu- 
lar enlargement or when there is anatomic left 
ventricular hypertrophy and functional right 
ventricular hypertension. This pattern was 
observed in coarctation of the aorta with 
persistent patency of the ductus arteriosus 
regardless of the exact site of its insertion. 


SuMARIO EspaNou 


El electrocardiograma en casos de coarcta- 
cidn de la aorta en infantes sin complicaciones 
refleja el patrén de circulacién fetal y sirve 
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como un guia de prondstico de valor. Cuando 
el ducto fetal se inserta préximamente a la 
regién de la coarctacién y se cierra al nacer, 
el ventriculo derecho se encuentra agrandado 
a la vez, pero este engrandecimiento es retré- 
grado. Ademas, en esta situacién la circulacién 
colateral se ha empezado a desarrollar antes de 
nacer de manera que el ventriculo izquierdo 
puede compensar al comenzar la circulacién 
post-natal, y el prondstico es favorable. Cuando 
el ducto fetal se inserta distal a la coarctacién, 
engrandecimiento y decompensacién progresiva 
del ventriculo izquierdo a veces fatal se desa- 
rrollan prontamente después del nacimiento. 
Modificaciones de estos patrones electrocardio- 
graficos en la produccién de bloqueo de la rama 
derecha del haz de His también se discuten y 
se ilustran. 
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‘Che Spatial Vectorcardiogram and Mean Spatial 
Ventricular Gradient in Normal 
Pregnant Women 


By G. E. Burcu, M.D., J. A. ABrtpskov, M.D., anp J. A. Cronvicn, MS. 


The spatial vectorcardiogram and the spatial ventricular gradient of normal subjects in the last 
trimester of pregnancy and in some of the same subjects following delivery have been studied. It 
was found that the vectorcardiograms could be divided into two groups on the basis of the form 
of the QRS sf-loops, as has been previously reported for other normal subjects. In some instances 
records taken after delivery or records taken during pregnancy with the subject in deep inspira- 
tion altered both the orientation and the form of the QRS sf-loop. Since these alterations were most 
likely due to changes in position of the heart and extracardiac tissues, it is suggested that these are 
factors determining the configurations of the two types of normal QRS sB-loops. 


ECAUSE of the importance of cardiac 
position in determining the form of the 
electrocardiogram and the vectorcardi- 

ogram and because of the difficulty of inter- 
preting the electrocardiogram with a large Q 
wave in lead III, it was considered worthwhile 
to investigate the spatial vectorcardiogram 
and the spatial ventricular gradient in subjects 
during the eighth and ninth months of preg- 
naney and following delivery. 

In a previous study of normal subjects it was 
found that the spatial vectorcardiogram varied 
considerably in its spatial orientation and that 
these variations largely accounted for the 
marked variations in contour of the plane pro- 
jections of normal vectorcardiograms.' In that 
study it was not possible to evaluate adequately 
the effect of cardiac position on the orienta- 
tion or contour of the vectorcardiogram. The 
present study was undertaken because it was 
thought that the changes in the vectorcardi- 
ogram which occurred with changes in cardiac 
position during pregnancy and following de- 
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‘act No. DA-49-007-MD-182, a grant from the 
‘ublic Health Service (H-143), and the Mrs. E. J. 
‘aire Fund for Research in Heart Disease. 
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,ouisiana at New Orleans, and the Department of 
‘lectrical Engineering, Tulane University of Louisi- 
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livery might assist in a better understanding 
of the relation of cardiac position and the 
vectorcardiogram. It had been observed in the 
study of normal subjects that normal vector- 
cardiograms could be divided into two groups 
on the basis of the configuration of the QRS sE- 
loops.' Since the differences between the two 
types of QRS sk-loops might be the result of 
differences in heart position as well as differ- 
ences in electrical conductivity of the tissues 
surrounding the heart and differences in the 
order of depolarization, studies during and after 
pregnancy might elucidate thé role of the first 
of these three factors in determining the con- 
figuration of the spatial vectorcardiogram. 


MetTHOopS AND MATERIALS 


Details of the apparatus and methods of record- 
ing the spatial vectorcardiogram have been de- 
scribed elsewhere.'-* Recordings included projec- 
tions of the spatial vectorcardiogram on the four 
planar surfaces of the equilateral tetrahedron and 
projections on the planes sagittal to these as viewed 
from the left, as well as stereoscopic views of the 
projections on the surfaces of the tetrahedron. 
Each planar projection and corresponding sagittal 
projection were recorded simultaneously. The 
amplification of recordings was varied to obtain 
greater detail in those deflections located near the 
isoelectric point. 

Electrocardiograms were obtained during each 
recording period. These included recordings of 
standard leads, unipolar leads from the points de- 
fining the apexes of the equilateral tetrahedron as 
well as leads Vi through Vz. Proper pairs of stand- 
ard and unipolar limb and back leads were recorded 
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simultaneously so that any portion of the electro- 
cardiogram could be properly oriented temporally 
with respect to any other portion of any other of 
these leads. 

Recordings were obtained with the patients in 
the supine position with the head elevated approxi- 
mately 20 degrees from the horizontal. All were 
obtained at least two hours postprandially and 
after approximately 30 minutes of bed rest. There 
were 75 normal pregnant women studied in this 
series. All subjects were in the eighth or ninth 
months of pregnancy and were free of any disease. 
All were under observation in the maternal clinic 
and had received an adequate inventory of their 
state of health. They varied in age from 13 to 40 
years and all were Negroes. Twenty-three of the 
subjects returned for a second study approximately 
six weeks following delivery. 

The vectorcardiograms were studied to deter- 
mine the general contour and spatial orientation 
of the loops and were correlated with the electro- 
cardiograms with particular attention devoted to 
the Q; pattern. 

The SAgr:, SAr and SG vectors were obtained 
by means of measurements from leads I, Vr and 
Vs. Models of the spatial vectors were then con- 
structed for more careful inspection. These spatial 
vectors were studied in conjunction with their 


Frontal Sagittal 


Fic. 1. Frontal, left sagittal and stereoscopic 
frontal views of a normal spatial vectorcardiogram 
with a “type 1”? QRS sE-loop. For this and all sub- 
sequent stereoscopic views, stereoscopic effects are 
best obtained by placing a card between the two 
photographs and viewing from a distance of 5 to 10 
inches. 


respective vectorcardiograms obtained both pricr 
to and following delivery. 


RESULTS 


The results are summarized in tables | 
through 5 and figures 1 through 8. 


A. General Contour and Spatial Orientation . f 
the Loops of the Spatial Vectorcardiogram 


In general the spatial loops had variations i) 
configuration and orientation similar to tho: 
previously reported for normal nonpregnai t 
subjects.! 

(1) The QRS sE-Loop. As in normal non- 
pregnant subjects the records of these subject; 
could be divided into two groups on the basi 
of the contour of the QRS sF-loops. Records « 
the form labeled ‘‘type 1” in a previous repo 
had narrow elliptoid configurations with th: 
major axis being three or more times as long as 
the minor axis and directed away from the iso 
electric point (fig. 1). Those with a “type 2” 
configuration had a more complex form, with 
the width and length being more nearly equal 
and with the terminal portion of the loop being 


located posterior to the isoelectric point (fig. 2). 
In general the QRS sf-loops tended to be 
displaced posteriorly during the eighth and 


Frontal Sagittal 


Stereoscopic frontal 


Fic. 2. Frontal, left sagittal and stereoscopic 
views of a normal spatial vectorcardiogram with a 
“type 2’? QRS sE-loop. 
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MAGNITUDE AND DIRECTION OF MAXIMAL QRS VECTORS 


Frontel d Segittel 


Postpartum 


Fic. 3. Location of the termini of the maximal 
QRS vectors in frontal and left sagittal planes 
during pregnancy and following delivery. In this and 
subsequent figures mean values are indicated by the 
heavy dots. 


ninth months of pregnancy. This was due in 
part to rotation posteriorly about the trans- 
verse axis of the loop, but in many of the “type 
1” records varying degrees of posterior elonga- 
tion of approximately the terminal quarter of 
the loop were also present. This resulted in con- 
figurations of the spatial loops which resembled 
to a variable extent the pattern previously 
labeled “‘type 2,” although during deep inspira- 
tion and following delivery the loops were defi- 
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TABLE 


Maximal Vector in Frontal Plane 


QRS 


TaBLE 1.—Mazimal Vectors for Pregnant Subjects during Quiet Respiration 


2.—Mazimal Vectors for Subjects after Delivery 


nitely of the pattern which has been termed 
“type 1.” 

None of the subjects whose QRS sE-loops 
maintained a “type 2” configuration during 
deep inspiration returned for study following 
delivery. 

The variations in contour of the plane pro- 
jections of the QRS sE-loops were marked and 
were as expected from the spatial orientation 
of the loops described above. The configurations 
of the plane projections changed after delivery 
in accordance with the changes in orientation 
and configuration of the spatial loops. All 
changes conformed to those expected from the 
electrocardiogram. 

Figure 3 and table 1 show the location of the 
termini of the maximal instantaneous vectors 
of the QRS sf-loops of all subjects studied 
during pregnancy. The location of the terminus 
of the mean vector is indicated by the heavy 
dot. These illustrations show that there is more 
scatter of these vectors with a greater number 
directed to the left and posteriorly than was 
previously reported for the group of normal 
nonpregnant subjects.! Following delivery, the 
termini tended to cluster more closely with less 
leftward and posterior deviation (fig. 3 and 
table 2). 

(2) The T sE-Loop. The T sE-loops had two 
general configurations, the majority being nar- 
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MAGNITUDE AND DIRECTION OF MAXIMAL T VECTORS 


Anteportum 
Frontol -~ Segitte 


Postportum 


Fic. 4. Location of the termini of the maximal T 


vectors in frontal and left sagittal planes during 
pregnancy and following delivery. 


row and elongated and the remainder tending 
to be more nearly circular, as reported for nor- 
mal nonpregnant subjects.! 

The spatial orientation of the T sE-loops is 
summarized in figure 4 and tables 1 and 2, in 
which are indicated the positions of the maxi- 
mal vectors in the frontal and left sagittal 
planes. From figure 4 it is evident that practi- 
cally all were in the sixth sextant of the tri- 
axial reference system with the mean located 
at +26 degrees in the frontal plane. The magni- 
tudes of these vectors are shown in the figure. 
The majority of the maximal vectors in the 
left sagittal plane were directed anteriorly al- 
though a significant number were directed pos- 
teriorly. The mean vector was located at +101 
degrees. The location of the maximal vector 
was not changed significantly after delivery. 

(3) The P sE-Loop. The P sE-loops were not 
studied in detail. In general the contour and 
orientation of loops of these subjects were simi- 
lar to those of normal nonpregnant subjects." 

(4) The Effect of Deep Inspiration on the Spa- 
tial Vectorcardiogram. Deep inspiration during 
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MAGNITUDE AND DIRECTION OF MAXIMAL QRS AND T VECTORS 
DURING DEEP INSPIRATION 
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Frontal sme ee Sogittel 


Fic. 5. Location of the termini of the maxima! 
QRS and T vectors during deep inspiration in fronta! 
and left sagittal planes. 


pregnancy usually resulted in a spatial vector 
cardiogram whose orientation resembled thai 
in nonpregnant subjects. The changes in orien 
tation with deep inspiration were more marked 
during pregnancy than following delivery. 
There was a vertical rotation of the maximal 
vectors of the QRS sf-loops about the antero- 
posterior axis such that the mean vector was 
displaced to +66 degrees, and in the sagittal 
plane the maximal vectors became more ante- 
riorly located with the mean at +108 degrees 
(fig. 5 and table 3). 

In some instances there was a change in con- 
tour as well as in orientation of the QRS sE-loop 
during deep inspiration. This change occurred 
in those instances in which there appeared to 
be a posterior elongation of the terminal por- 
tion of the spatial loop and seemed to consist of 
a shortening of this segment of the loop during 
deep inspiration. It was always associated with 
a change in orientation such that the loop be- 
came more vertical around its anteroposterior 


Maximal Vector in Sagittal Plane 





QRS | 


Angle | ‘ooh Angle 


158° | 1.74 161° 
—50° 0.31 | 108° 
108° 0.84 129° 





BURCH, ABILDSKOV AND CRONVICH 


ax s and was rotated anteriorly about its trans- 
"€ 'S@ axis. 


The SAgrs, SAy and SG Vectors 


[In general the projections in the frontal 
ine of the SAgrs, SAr and SG vectors were 
ind to be directed downward and to the left 
the isoelectric point and to lie in a plane 


a 
SA ons 
Antepertum 


Frontel Ome Sagittel 


Postpertum 


Fic. 6. Location of the termini of the SAgrs vec- 
tors in frontal and left sagittal planes during preg- 
naney and following delivery. 
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Fic. 7. Location of the termini of the SAr vectors 
frontal and left sagittal planes during pregnancy 
| following delivery. 


TaBLe 4.—Mean Spatial Vectors before Delivery 
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parallel to the frontal plane and passing through 
the isoelectric point. They tended to cluster 
about the vertical axis (+90 degrees) in the 
left sagittal plane with approximately equal 
distribution anteriorly and posteriorly. It is of 
interest that these vectors were not directed 
anteriorly as much as the maximal axes of the 
QRS and T sF-loops. This difference is a result 
of the fact that the factor of time is involved in 
the measurement of SAgrs, SAr and SG; 
whereas, the maximal vectors of the QRS and 
T sB-loops are instantaneous values. Portions 
of the vectorcardiogram which are made up of 
small vector quantities but are inscribed slowly 
exert a considerable influence on SAgrs, SAr 
and SG. This illustrates one example of the 
failure of the vectorcardiogram, as usually re- 
corded, to indicate satisfactorily the factor of 
time. The orientation of the individual and 
mean values of SAgrs, SAr and SG for the sub- 
jects studied during the late stages of pregnancy 
and those studied after delivery are shown in 
figures 6, 7 and 8 and tables 4 and 5. It is evi- 
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Fic. 8. Location of the termini of the SG vectors 


in frontal and left sagittal planes during pregnancy 
and following delivery. 
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SPATIAL VENTRICULAR GRADIENT IN NORMAL PREGNANCY 


TABLE 5.—Mean Spatial Values after Delivery 


Values in Frontal Plane 


hes sAy | 
Angle 7 | Angle | hana 


52 
14 


Maximal...... 
Minimal. . 
Average... 


90° 


Fic. 9. Mean and extremes of the direction of the 
initial portion of the QRS sE-loops of subjects with 
Q waves in lead III in the left sagittal plane. 


dent that, following delivery, there is no signifi- 
cant change in magnitude. 


C. The “Qs; Pattern” and the QRS sE-Loop 


A definite Q wave was present in lead III of 
the electrocardiogram of 18 subjects (23 per 
cent)- studied during pregnancy. This Q wave 
remained after delivery but usually decreased 
in magnitude. In these subjects the direction 
of the first discernible portion of the QRS 
sE-loop was usually upward and forward in the 
sagittal plane. The mean and extremes of the 
direction of the initial portion of these QRS 
sE-loops are shown in figure 9. With delivery 
these mean instantaneous vectors extended 
less upward and forward. The downward dis- 
placement of these vectors in the frontal plane 
is in accord with the decreased magnitude of 
the Q wave in lead III of the electrocardiogram. 


DISCUSSION 


Because some of the QRS sk-loops with a 
“type 2” configuration during pregnancy 
changed to a “type 1” during deep inspiration 
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and after delivery, it is evident that car 
position and the electrical conductivity of 
tracardiac tissue must be at least partially 
sponsible for the two basic patterns of Q 
sK-loops previously described. In any ev: 

if the two fundamental patterns of the Q 
sR-loop are due primarily to intracard ac 
events, extracardiac factors associated wth 
pregnancy may modify these patterns. ‘| he 
relative roles of the factors responsible for ‘he 
two basic types of QRS sF-loops in the normal 
subject remain unknown. 

In these studies the vectorcardiogram has 
not been found to modify information already 
existing from electrocardiography concerning 
the problem of the Q wave in lead III during 
pregnancy. These studies have shown that the 
spatial vectorcardiogram can be altered in both 
spatial orientation and contour by pregnancy. 
These changes probably result in part from the 
changes in cardiac position and possibly in part 
from hemodynamic alterations associated with 
pregnancy. However, the relative roles of these 
two factors could not be assessed in this study. 
The changes observed with deep inspiration 
during pregnancy, which were similar to those 
noted following delivery, suggest that changes 
in cardiac position accounted for most of the 
alterations observed with pregnancy. Efforts 
were made to study anatomic positional varia- 
tions associated with pregnancy by fluoroscopic 
methods, but the results were not clearly in- 
formative. It has been our experience that th 
fluoroscopic method is not sufficiently accura! 
for the determination of detailed variations 11 
the anatomic position of the heart to all 
satisfactory correlation between the elect 
cardiogram or vectorcardiogram and cardi: 
position. The spatial orientation of the init 
portion of the QRS sE-loop in those subje 
with a Q wave in lead III of the electrocardi 


e 
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gr:m varied widely. After delivery this por- 
ti 1 of the loop did not change significantly. 
U: til an adequate number of spatial vector- 
ca diograms of patients with posterior myo- 
ca dial infarction with Q; patterns has been 
ca efully studied and correlated with these ob- 
se vations on the Q; pattern during pregnancy, 
th» ultimate practical clinical significance of 
these observations will not be evident. How- 
e\er, the wide range in spatial orientation of 
the initial portion of the QRS sf-loop in preg- 
nnt patients with large Q waves in lead III 
mikes it unlikely that a satisfactory differen- 
tiution between the Q wave associated with 
rotation of the heart and that due to posterior 
myocardial infarction will be obtained in all 
patients. 


SUMMARY 


The spatial vectorcardiograms of 75 normal 
women in the last trimester of pregnancy and 
of 23 of these same subjects, post partum, have 
been studied. As previously reported for other 
normal subjects two basic variations in the 
form of the QRS sk-loops were found. These 
have been tentatively labeled “type 1’’ and 
“type 2.” In some of the records taken after 
delivery or with the subject in deep inspiration 
during pregnancy the QRS sE-loop was altered 
in both orientation and contour suggesting that 
the position of the heart and extracardiac tis- 
sues are factors determining the configuration 
of the two types of normal QRS sf-loops. 


The values of the SAgrs, SAr and SG vectors 
were determined from the records of all subjects 
included in this study and the results were 
reported. 


SuMARIO EspaNou 


El vectorcardiograma espacial y la pendiente 
ventricular espacial de sujetas normales en el 
ultimo trimestre de gestacién y en algunas de 
las mismas sujetas luego de dar 4 luz ha sido 
estudiado. Se encontré que los vectorcardio- 
gramas se pudieron dividir en dos grupos a 
base de la configuracién de las ondas QRS sk 
como ha sido informado previamente en otros 
sujetos. En algunas ocasiones trazados obteni- 
dos luego de dar 4 luz o durante la gestacién 
con el sujeto en inspiracién extrema alteré 
tanto la orientacién como la forma de las ondas 
QRS sE. Como estas alteraciones fueron muy 
probablemente causadas debido a los cambios 
en posicién del corazén y tejidos extra cardia- 
COs, se sugiere que estos factores determinan la 
configuracién de los dos tipos normales de 


ondas QRS sf. 
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Studies Utilizing the Portable Electromag- 
netic Ballistocardiograph 


V. The Importance of the Light Exercise Test in 
Clinical Ballistocardiography 


By Harry MAnpevsavMm, M.D., anp Ropert A. MANDELBAUM, M.D. 


The ballistocardiograph records the vigor of cardiac ejection and the speed of diastolic filling. 
It provides a practical means of studying the physiologic response of the heart in its adjustment 
to the stress of exercise. The application of the light ballistocardiographic exercise test to subjects 
without clinical or electrocardiographic evidence of heart disease, to hypertensive subjects, to 
patients with coronary artery disease and to those suspected of having myocarditis has provided 
information of clinical importance which cannot be obtained from any other means of physical 


diagnosis or from the ballistocardiogram at rest. 


N 1950, Makinson! reported from Starr’s 
laboratory the observation that in many 
instances light exercise brought out ab- 

normalities in the ballistocardiogram of sub- 
jects whose resting traces were normal or ac- 
centuated abnormalities which were present 
in the basal trace. The heart performs work 
in two ways: first, by ejecting a certain volume 
against resistance; second, by imparting a cer- 
tain velocity to the ejected blood.? The ballisto- 
cardiograph records the force of cardiac ejec- 
tion. Exercise constitutes a temporary increase 
in load to which the heart adjusts itself by 
circulatory and metabolic changes. In the 
studies of Bing and his associates,* moderate 
exercise in normal subjects caused an increase 
in the coronary blood flow without significant 
change in oxygen extraction, a rise in cardiac 
output of 60 per cent above resting levels and 
an average rise of 45 per cent in blood flow 
through the left ventricle with an increase in 
the mechanical efficiency of the left ventricle. 
A ballistocardiogram taken after exercise is a 
practical method of testing the ability of the 
myocardium to meet these physiologic adjust- 
ments to the stress of exercise. 

Our experience with the light exercise test 
in the study of over 1400 subjects*® is the basis 


From the Department of Medicine of The Jewish 
Hospital of Brooklyn and the Department of Cardi- 
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of this report. Our findings confirm Makinson’s 
conclusion! that the exercise test ballistocardio- 
gram gives additional information concerning 
myocardial function, which is not obtained by 
other clinical methods or by the ballistocardio- 
gram at rest. 

METHODS 

The ballistocardiograph employed in our studies 
was the direct electromagnetic type as designed by 
Dock.4 The basal ballistocardiogram was taken in 
the morning, after the subject had rested on the 
table for ten minutes. The patient had been in- 
structed not to have food or drink, and not to 
smoke for at least 12 hours preceding the test. The 
technic of the light exercise test* is easily appli- 
cable to routine clinical use. We use the method 
described by Makinson.' After the basal ballisto- 
cardiogram has been inscribed, the subject performs 
half the trips required for a single Master? two-step 
test on the standard two-step platform. The pa- 
tient is not hurried; 10 trips is the average require- 
ment and is usually completed in 40 to 60 seconds. 
The exercise ballistocardiogram is recorded im- 
mediately after the patient returns to his position 
on the table. The patient breathes naturally during 
all recordings. 

The effect of exercise upon the ballistocardiogram 
was not quantitated. This, however, has been ade- 
quately reported by Makinson.! Abnormalities we: 
graded according to Brown’s classification.!° 


* Initially, the exercise test was done in accor 
ance with the standard requirements of Master’s t: 
bles. However, distortion of the ballistocardiogra 
was frequent, due to increased amplitude of respir: 
tory excursions of the thorax and diaphragm. 
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STUDIES ON “NORMAL” SUBJECTS 


‘he ballistocardiographic response to light 

s reise in 400 normotensive subjects with no 
a) oarent heart disease, as determined by 
tory, physical examination and a resting 

| single two-step electrocardiogram, was 
dominantly an increase in the amplitude 
the HIJK complexes.’:* The HI and IJ 

; okes increased up to 30 per cent and the 
. stroke up to 40 per cent of the resting 
iplitude. These increases in amplitude usually 
‘re more prominent in the inspiratory com- 

) exes, Causing an increased, but not abnormal, 
\ spiratory variation in the ballistocardiogram. 
‘The configuration of the various waves re- 
ained completely normal. This particular 
response of increased amplitude with normal 
ave form was considered a normal ballisto- 
cardiographic response to the light exercise 
test. Of 75 apparently normal subjects under 
40 years of age, all but one of whom had normal 
resting ballistocardiograms, three showed an 
abnormal respiratory variation, compatible 
with a grade I pattern according to Brown’s 
classification, after light exercise. One, grade 
I at rest, developed a grade II pattern in the 
postexercise trace. Of 125 subjects between 
the ages of 40 and 49, 84 had normal resting 
and postexercise ballistocardiograms; 19, nor- 
mal at rest, showed grade I abnormalities after 
exercise; 14 showed grade I changes at rest 
and after exercise; 8, grade I at rest, presented 
grade II changes after light exercise. Of 125 
subjects between the ages of 50 and 59, 64 had 
normal resting and postexercise ballistocardio- 
grams; 24, normal at rest, showed grade I ab- 
normalities after exercise; 12 showed grade I 
changes at rest and after exercise; 12, grade I 
ai rest, developed grade II changes after exer- 
cise. In 13 others, grade II or grade III changes 
were present at rest and grade III or grade IV 
d-teriorations developed after the light exercise 
tst. Of 75 subjects between the ages of 60 
aid 69, 20 had normal resting and postexercise 
| allistocardiograms; 18, normal at rest, showed 
gvade I changes after exercise; 14 presented 
grade I patterns at rest and after exercise; 
|2, grade I at rest, developed grade II changes 
{ter exercise; in 11 others, grade II or grade 
[I ballistocardiograms were recorded. at rest 


and the trace deteriorated to grade III or 
grade IV after the light exercise test. 


Discussion 


It has been our experience that a grade I 
ballistocardiographic abnormality may be due 
to cardiac axis rotation or to extracardiac 
causes, but that grade II or worse patterns 
indicate myocardial functional impairment.‘ 
No satisfactory evidence has ever been offered 
which proved that a ballistocardiographic ab- 
normality of grade II pattern or worse could 
be due to anything but myocardial dysfunction, 
no matter what the age of the subject. It will 
be noted that in our study of 75 “normals” 
below the age of 40 years, only one instance of 
a grade II abnormality developed in the post- 
exercise trace. In the fifth decade, the exercise 
test brought out significant changes in 6.4 
per cent of the 125 subjects studied. It is strik- 
ing that the ballistocardiograms of 100 of the 
125 subjects in the sixth decade were normal 
or no worse than grade I at rest or after exercise; 
in 25, grade II or worse patterns were noted in 
the ballistocardiograms after light exercise. Of 
the 75 subjects between the ages of 60 and 69, 
about one-half showed normal or no worse 
than grade I ballistocardiograms at rest or after 
exercise; 12 subjects showed significantly ab- 
normal traces after the exercise test; and 11 
of the subjects in the seventh decade showed 
advanced ballistocardiographic changes at rest 
or after exercise (grade III or grade IV). 

Recently, Davis and his co-workers!" re- 
ported their findings concerning the effect of 
exercise upon the ballistocardiogram. Our 
statistics on normal subjects, though similar 
to their findings in subjects under 50 years of 
age, show an incidence of positive ballisto- 
cardiographic exercise tests in subjects over 
the age of 50, which is approximately 50 per 
cent greater than they have noted. The technic 
used by Davis and his co-workers in perform- 
ing the ballistocardiographic exercise test dif- 
fered from ours in that the ballistocardiograms 
were recorded four minutes after the comple- 
tion of the standard Master two-step test, 
whereas our tracings were obtained immedi- 
ately upon the completion of the 10-trip light 
exercise test. 
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The percentage of abnormalities found in- 
creases with the age of the patient! and shows 
a rough correlation with the autopsy findings of 
Medalia and White," who found that the per- 
centage of marked atherosclerosis of the coro- 
nary arteries increased steadily with age. 
Starr’s* 10 to 14 year follow-up study of 
supposedly normal subjects, whose initial 
tracings were abnormal, indicated that the 
ballistocardiogram may detect heart disease 
long before there is any clinical evidence of 
abnormality. We offer the results of our studies 
in “normals” as clinically significant, since 
several instances of angina pectoris, myocardial 
infarction and congestive heart failure have 
subsequently occurred among those whose 
initial studies showed ballistocardiographic 
abnormalities. None occurred among those with 
normal ballistocardiograms, in a three year 
follow-up. 

Cardiovascular disease may exist despite 
normal ballistocardiographic findings at rest. 
The exercise ballistocardiogram has served to 
detect the presence of heart disease in the ab- 
sence of any clinical or electrocardiographic 
signs, and where the resting trace was normal 
or grade I, in a significant number of cases. 
The application of prophylactic measures in 
these subjects may prove effective in delaying 
the appearance of symptoms of coronary artery 
disease or a failing myocardium. 


STUDIES IN PATIENTS 
Angina Pectoris 


The usefulness of the ballistocardiograph 
in conjunction with the electrocardiograph 
in confirming the clinical diagnosis of angina 
pectoris has been widely accepted. Scar- 
borough,” in a study of 191 patients with 
angina pectoris, found that the resting ballisto- 
cardiogram was abnormal in 75 per cent, and 
the resting electrocardiogram was abnormal in 
only 24 per cent. Electrocardiographic ab- 
normality could be increased to about 57 per 
cent by a single two-step exercise test. Taymor 
and his associates,!® using a group of 75 sub- 
jects with angina pectoris who gave positive 
double two-step electrocardiographic _ tests, 
found that the resting ballistocardiogram was 


abnormal in 83 per cent, and that the exercise 
ballistocardiogram was abnormal in 93 per cent, 

In our study, there were 400 subjects with 
angina pectoris, in whom clinical or el: ctro- 
cardiographic evidence of myocardial infar tion 
was not present.®: § Forty-one had normal! rest- 
ing ballistocardiograms; only four rem. ined 
normal after light exercise; 16 advanc | to 
grade I, and 21 advanced to grade II bai isto- 
cardiographic changes. 

Of 143 patients whose basal ballistocs :dio- 
grams showed a grade I pattern, 124 deve’ yped 
grade II changes after light exercise. Sixt v-six 
subjects showed grade II ballistocardiog ams 
at rest and after exercise. Five hyperte: sive 
subjects with angina, showed basal traccs of 
the grade II pattern, which were improvcd to 
the grade I pattern after light exercise. 

In 43 other instances where the basal record 
was grade I, and in 64 where the basal trace 
was grade II, light exercise caused a deteriora- 
tion to a grade III pattern in the ballistocar- 
diogram. In 38 patients, the basal and the 
postexercise ballistocardiogram showed the 
advanced changes of a grade III or grade 
IV pattern. We believe that this indicates ad- 
vanced myocardial scarring, despite negative 
history or lack of electrocardiographic evi- 
dence of myocardial infarction.‘ Six of these 
38 patients have died; autopsy in two cases 
showed evidence of previous infarction. 

Discussion. Of the 400 subjects with angina 
pectoris, 25 per cent had normal resting and 
single two-step electrocardiograms. Excluding 
the 38 patients with basal grade III or grade 
IV ballistocardiograms, it is evident that in 
73 per cent of the 362 subjects light exercise 
produced significant deterioration in the bal- 
listocardiogram. In five subjects with angina 
complicating hypertension, improvement in 
pattern was noted after light exercise. This was 
reported previously.': * '* In some of the non- 
hypertensive anginal subjects studied by 
Makinson,! exercise caused a greater th: 
normal increase in the cardiac ejection fore 
This has not been our experience. When ex 
cise caused a grade I or grade II pattern, 
creased amplitudes of the inspiratory « 
plexes were often noted. However, the J wa 
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of tl se complexes were slurred or notched 
and he I waves were often short or absent. 
The -xpiratory complexes were bizarre and of 
lov mplitude. This type of exercise response 
is be ieved to represent poor myocardial func- 
tion 

B cause of the high correlation between ab- 
nor: al ballistocardiograms and positive double 
Ma: er electrocardiographic tests,!® we believe 
it p vcticable to apply the rigors of the double 
two step test electrocardiogram to the anginal 
pat’ nt only if the resting electrocardiogram 
and ballistocardiogram and the ballistocardio- 
grain after mild exercise are normal. 


Myocardial Infarction 


The ballistocardiogram after light exercise 
will be the last objective test to revert to or 
approach normal in a patient recovering satis- 
factorily from an acute myocardial infarction. 
In a recent study of 100 consecutive patients 
recovering from a first attack of acute myo- 
cardial infarction,’ it was shown that serial 
ballistocardiograms, taken over many weeks 
from the beginning of ambulation, served as 
a guide as to when good functional myocardial 
recovery had been attained. The exercise bal- 
listocardiogram proved to be an informative 
part of this serial study, usually indicating 
significant myocardial dysfunction for at least 
a month longer than the resting ballistocardio- 
gram. The recovery of the trace made after 
light exercise to grade II pattern or better has 
proven a valuable clinical guide as to when to 
permit the patient to resume his usual activity. 

‘lwo hundred twenty-five patients* who had 
recovered from myocardial infarction were the 
bas's of this study.®: © § The acute episode had 
occirred nine months to eight years prior to 
thi. study, the majority having had a single 
preven episode of myocardial infarction less 
th: 1 three years before. 

here were 14 instances of normal traces, 
bo h at rest and after light exercise. In 80 
ca os, the ballistocardiograms were no worse 
th o grade II. Seventeen, normal at rest, were 


Kighty-five of these patients were included in 
report of serial studies after acute myocardial 
retion. Fifteen of the 100 have died. 


grade I after light exercise; 20 were grade I 
at rest and after exercise; 24, grade I at rest, 
showed grade II changes after exercise; and 
in 19 both the basal and exercise traces were 
grade II. In 131 patients, the basal or light 
exercise ballistocardiogram showed the ad- 
vanced change of a grade III to grade IV 
pattern. In this group, only 14 patients had 
returned to work. The others were incapaci- 
tated by heart failure or disabling angina of 
effort; 28 have died and several have suffered 
second attacks of myocardial infarction. The 
general well being of the 94 subjects with 
normal or minimal ballistocardiographic ab- 
normalities bears a striking contrast to the 
latter group. 

While three-fourths of the subjects showed 
fixation of the ballistocardiogram or worsening 
of the pattern with exercise, in 55 patients the 
light exercise test produced ballistocardio- 
graphic improvement. We believe that this 
finding is of good prognostic significance. These 
patients were encouraged to engage in full 
activity and they have generally remained free 
of symptoms.t Of the 225 patients, 183 were 
over the age of 50, and 33 in this group showed 
ballistocardiographic improvement after ex- 
ercise; 13 in whom the basal trace had been 
grade I or grade II demonstrated a normal 
pattern after effort; 13 improved to grade I 
from grade II, and 7 improved to grade II 
after exercise, having been grade III at rest. 
Of 42 patients under 50 years of age, 10 showed 
grade I or grade II patterns at rest, and im- 
proved to normal after light exercise; 8 im- 
proved to grade I patterns on exercise, their 
resting ballistocardiograms having showed a 
grade II configuration. Two had basal traces 
of the grade III pattern; one improved to grade 
I and the other to grade II, after exercise. 

Discussion. In a recent report concerning 
the effect of exercise upon the ballistocardio- 
grams of subjects with coronary disease, Davis 
and co-workers" have concluded that exercise 
ballistocardiograms are not of great value in 
the diagnosis of coronary artery disease be- 


+ Three of this group, two of whom developed 
angina, have subsequently shown worsening of their 
ballistocardiograms after exercise. 











392 


cause of a low incidence of positive tests. Their 
study group representing coronary disease con- 
sisted of patients with the anginal syndrome 
as well as of those who had survived proven 
myocardial infarction. Our findings indicate 
that the great majority of patients with angina 
pectoris will demonstrate ballistocardiographic 
deterioration with exercise (a positive test); 
in marked contrast is the patient, who is 
asymptomatic after recovery from myocardial 
infarction, who may often show a ballisto- 
cardiographic improvement after exercise or 
a maintenance of the pattern observed at rest. 
Thus, the exercise ballistocardiogram serves 
to point out the difference in functional ca- 
pacity between the subject with angina on 
moderate effort, who has never had a myo- 
cardial infarction, and the person whose electro- 
cardiogram shows proven infarction but who 
has returned to complete activity and is well. 
As Makinson! stated, “cardiac weakness might 
be most apparent when the heart is under no 
compulsion and is taking it easy. When an 
increased circulation is demanded, the cardiac 
reserves of strength are called out and the 
deficiency overcome.’ We have found that the 
exercise ballistocardiogram is an important 
objective test in order to estimate the cardiac 
functional status of the patient, especially 
when the electrocardiogram bears the fixed 
scars of healed myocardial infarction. 


Hypertension 


In our study of 400 hypertensive subjects, 
none of whom had angina, we made several 
significant observations.®: © Normal traces are 
the rule in young subjects below the age of 25, 
with labile hypertension. Occasionally, normal 
patterns were obtained in subjects with benign 
hypertension of several years’ standing. That 
hypertension is the critical factor in deteriora- 
tion of the ballistocardiogram will be evident 
on comparing a number of normal subjects 
of similar age and sex with an equal number of 
hypertensive patients. A significantly greater 
percentage of abnormalities will be noted in 
these hypertensive subjects.* 

The earliest qualitative change noted in the 
ballistocardiogram in hypertension was a deep- 
ening of the K wave, frequently associated 
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with a shortening of the IJ stroke or absence of 
the I wave. In 11 subjects below the age of 59 
and in four over 50 years of age, the light exer- 
cise test brought on the deep K-short IJ stroke 
pattern where the basal trace was normal.® 

Ballistocardiographic improvement after 
light exercise occurs more frequently in e:- 
sential hypertension than in any other diseas > 
state. Fifty-nine of 144 subjects under the ag > 
of 50 showed improvement in their traces afte: 
light exercise; 39 became normal, their bas: | 
having been grade I; 2 became normal, th> 
basal having been grade II; 18 improved t» 
grade I, the basal having been grade II. 0’ 
256 subjects over 50 years of age, improvemen 
to grade I occurred in 63 subjects; 56 whos» 
basal was grade II and 7 whose basal patter: 
was grade III. In 14 other subjects over 5i) 
years of age, the basal trace was grade III; 
12 improved to grade II after light exercise. 

When hypertension is associated with sig 
nificant myocardial functional impairment, 
light exercise causes deterioration of the bal- 
listocardiogram.* In 47 subjects below the age 
of 50 and in 73 over 50, the basal trace was 
grade I or grade II, and the postexercise bal- 
listocardiogram showed a grade III pattern. 

A striking indication of a functionally 
impaired myocardium is the presence of 
fused HJ waves. This is often associated with 
tall H and L waves in the presence of a gallop 
rhythm. It was noted in 62 subjects: 18 under 
50 years of age and 44 older than 50. In 60 
per cent of the patients with fused HJ waves, 
exercise either brought out these abnormalities 
or accentuated them. In many instances, the 
fused HJ appeared only in the expiratory 
complexes of the basal trace; but in the post- 
exercise trace, the inspiratory as well as the 
expiratory complexes showed the fused HJ 
abnormality. 

In 83 subjects, 16 under 50 years of age and 
67 over 50, the basal and exercise ballisto- 
cardiogram showed grade III or grade IV 
patterns. 

Discussion. The light exercise ballistocardio 
gram appears to be an indispensable proceduré 
in the study of hypertensive patients. Ap 
parently, the hearts of many of these subject: 
function much more efficiently after ligh 
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exercise. Obviously, when a trace improves 
after exercise, myocardial scarring must be 
minimal and congestive heart failure negli- 
gible.‘ 

On the other hand, if an abnormality seen 
at rest worsens after light exercise, the pos- 
sibility of subclinical heart failure or coronary 
artery disease with myocardial scarring pre- 
sents itself. The ballistocardiographic ab- 
normality due to heart failure can be corrected 
toward normal by digitalization. When the 
changes persist after digitalization, and are 
worsened by exercise, myocardial scarring, 
due to advanced coronary disease, may be 
assumed to be present.‘ Autopsies on several 
of the patients have substantiated these facts. 


Rheumatic and Nonspecific Myocarditis 


An abnormal ballistocardiogram may con- 
firm the clinical impression of acute myo- 
carditis, even in the presence of a normal 
electrocardiogram. This has been noted not 
only in many instances of acute rheumatic 
fever,!® but also in acute glomerular nephritis, 
pneumonia, infectious mononucleosis and in 
collagen diseases.4:'® The correctness of the 
interpretation has been confirmed by the 
reversion to normal of the ballistocardiogram 
after the patient has recovered. Here again, it 
has been our experience‘ that many of the 
ballistocardiographic abnormalities could be 
detected only after a light exercise test. 
Furthermore, as in the case of recovery from 
myocardial infarction, abnormalities could be 
detected longer in the exercise than in the 
resting tracing. Reversion to normal of the 
exercise ballistocardiogram appears to be the 
best guide to clinical recovery in subjects with 
myocarditis.’ 16 


THe PuystoLocic BAsIs FOR THE BALLISTO- 
CARDIOGRAPHIC CHANGES NOTED AFTER 
THE Ligut EXERCISE TEST 


Alexander and Wiggers,” in discussing 
cardiac factors of safety, state that they are 
dependent upon the morphologic property of 
heart muscle to exhibit hypertrophy under 
conditions of maintained stress, and the 
dilatory response of the coronary circulation 
to increase greatly the blood flow during 


anoxemia and when metabolic needs become 
excessive. 

Lewis and associates,'* in their cardiac 
catheterization studies, noted that the normal 
individual adjusts to the stress of exercise by 
an increase in the cardiac output related to 
an increase in oxygen consumption. They 
noted an increase in the stroke volume during 
mild exercise. Bing and his associates,’ in 
their studies of normal subjects, found that 
moderate exercise caused an increase in the 
coronary blood flow without significant change 
in oxygen extraction, and a rise in cardiac 
output of 60 per cent above resting normal 
levels, with an average rise in 45 per cent in 
blood flow through the left ventricle. 

The relationship of hypertrophy and ade- 
quate coronary blood supply has been studied 
by many investigators. Roberts and Wearn’ 
found that with normal growth, capillaries 
multiply to keep pace with the growth of 
muscle. In hypertrophy, however, the capil- 
laries do not multiply; the capillary concentra- 
tion decreases in direct proportion to the 
increase in diameter of the muscle fibers. 
However, Dock,”® in 1941, in his kerosene 
perfusion studies, showed that even with the 
most marked hypertrophy of the heart, there 
remained a capacity of coronary blood flow 
three to seven times as great as needed to 
supply oxygen to the muscle fibers. Recently, 
Bing’s”!' studies in subjects with hypertrophied 
hearts showed the coronary blood flow and 
the oxygen consumption per unit of myo- 
cardium to be normal, indicating an increase 
flow through the individual capillary. Ecken- 
hoff and associates” had shown that coronary 
resistance is increased in essential hypertension 
at rest. Bing”! noted, however, in his study of 
hypertensive patients, that exercise often 
caused a decline in the coronary vascular 
resistance, indicating that the increased 
coronary resistance in the resting hypertensive 
subject is functional and not organic. Bing 
concludes that increases in load are met 
primarily by a rise in coronary blood flow. 
However, in the presence of myocardial fibrosis 
due to coronary artery disease, he found the 
blood flow per unit of left ventricular tissue to 
be reduced.”! 
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An increase in peripheral resistance may be 
the critical factor in causing an abnormal 
ballistocardiogram in the hypertensive patient, 
since reversion to normal following reduction 
of blood pressure to normotensive levels, has 
been reported.” ** In like manner, it has been 
observed that the hearts of many hypertensive 
subjects function much more normally after 
exercise, as determined by the ballistocardio- 
graph. This occurs because during exercise 
peripheral resistance is half that at rest, in 
spite of the fact that arterial systolic pressure 
usually increases.”® 


un, * = 4 


NC 


Fig. 1. “‘Normal’’ subject. (A) Basal ballistocardio- 
gram; normal. (B) Ballistocardiogram after light 
exercise. The expiratory (first and fourth) complexes 
show notched H waves, absent I waves and very 
small J waves. The J waves in the second and fifth 
complexes show a poor amplitude response to exer- 
cise. Grade II respiratory variation is present. Only 
slight increment in pulse rate occurred with light 
exercise. 


In left heart failure, Cournand?* has shown 
that when the altered fibers of the hyper- 
trophied left ventricle were stretched beyond 
a critical degree of elongation, a decrease in 
the ventricular output and an increase in the 
post-systolic residual blood volume ensued. 
In severe heart failure, he has found the end 
diastolic pressure in the pulmonary artery to 
be 10 times the normal. After digitalization, 
the end diastolic pulmonary pressure fell to 
normal within 40 minutes. Since the systemic 
diastolic pressure remained over 110 mm Hg, 
there can be no doubt that the rise in resistance 
to right ventricular ejection was due to left 
heart failure. Since right ventricular output 
velocity contributes much to the amplitude of 


the systolic ballistocardiographic complexes, 
improvement in the trace following the fall in 
pulmonary artery resistance with digitalis will 
occur when the ballistocardiographic abnor- 
mality is due solely to heart failure, often 
subclinical.4 

Thus, it should be clear why improvement 
in the trace is often observed after exercise 
in hypertension and in those recovered satis- 
factorily after myocardial infarction, in whom 
the coronary blood flow is unimpeded and the 
myocardium is not functionally impaired by 
scarring or dilatation. Exercise provides the 
physiologic circumstances which require the 
heart to work at its greatest mechanical 
efficiency, thus giving the clinician a correct 
insight into its capabilities. A ballistocardio- 
gram which is abnormal at rest due to high 
peripheral resistance or a healed myocardial 
infarct and which reverts towards normal in a 
striking fashion after effort provides such 
information. It is during the light exercise test 
also that deficiencies of the coronary circula- 
tion or subclinical myocardial failure become 
apparent and may be detected by the abnor- 
malities in the postexercise ballistocardiogram. 


Case Reports* 


Case 1 (Fig. 1). “Normal” subject. 8.8., a 48 year 
old salesman, desired a “check up.’ He had no 
complaints. His brother had died at the age of 55, 
his father at the age of 57, of myocardial infarction. 
He weighed 188 pounds; his blood pressure was 
135/85. Clinical examination and fluoroscopy were 
negative. The electrocardiogram at rest and after a 
double Master two-step test were normal. The basal 
trace, A, is normal. After light exercise, B, the 
expiratory complexes show notched H, absent I, 
small J and tall L waves. Only the third complex 
shows a satisfactory amplitude response to exercise. 

He was studied further because of the abnormal 
exercise ballistocardiogram. The basal metabolism 
was normal; a serum beta lipoprotein test showed 
an increase in the S; 12-20 molecules to 55 mg. 
per 100 cc. and in the S; 20-100 molecules to 102 
mg. per 100 ce. He developed an anterior myo- 
cardial infarction 17 months after the initial bal- 
listocardiographic study. 


*In the illustrations, A represents the basal bal- 
listocardiogram and B represents the postexercise 
ballistocardiogram. The upper channel is the ballisto- 
sardiogram; the lower, the radial pulse trace. The J 
wave occurs approximately at the apex of the radial 
pulse. 
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Fig. 2. Angina pectoris; myocardial infarction; 
recovery. 

Pre-Infarction, Feb. 18, 1950. (A) Basal ballisto- 
cardiogram Grade II respiratory variation, dimin- 
ished amplitude with poor pattern definition is noted 
in all complexes except the third. (B) Ballistocardio- 
gram after light exercise. Grade III pattern. 

Myocardial infarction on Nov. 11, 1951. Dec. 23, 
1951, the basal ballistocardiogram, C, shows a grade 
III pattern; after light exercise, D, the inspiratory 
complexes show slight increase in the amplitude; the 
expiratory complexes remain small and bizarre. On 
March 21, 1952, while the basal trace, E, is fairly 
normal, the exercise trace, F, worsens to a grade II 


Case 2 (Fig. 2). Angina pectoris; myocardial in- 
farction. Recovery without cardiovascular symptoms. 
B.W., a 53 year old housewife, had had hyperten- 
sion since surgical menopause was established in 
1948. She developed angina of effort 18 months 
later. On examination in February 1950, the eye- 
grounds showed grade II retinopathy, the blood 
pressure was 190/100, the heart was not enlarged, 
and the electrocardiogram showed left ventricular 
hypertrophy. Kidney function was normal. The 
basal ballistocardiogram, A, shows a grade II pat- 
tern, with poor pattern definition in all complexes; 
and after exercise, B, it deteriorates to grade III. 

On Nov. 11, 1951, the patient suffered an ante- 
rior myocardial infarction. The course was stormy. 
At the sixth week, the erythrocyte sedimentation 
rate was normal. The electrocardiogram, since 
recovery, showed a combined pattern of left 
ventricular hypertrophy and residual changes of an 
anterior-wall infarct. On Dec. 23, 1951, the blood 
pressure was 150/80; the basal trace, C, shows a 
grade III pattern; and after exercise, D, the in- 
spiratory complexes show some increase in ampli- 
tude with slurred J waves. Convalescence was 
slow, the patient complaining of being fatigued 
easily. After three months, she appeared stronger 
but noted some angina when she “tried to do too 
much.” On March 21, 1952, the blood pressure was 
160/90; the heart was not enlarged; the basal 
ballistocardiogram, E, is normal, but after light 
exercise, F, deterioration to grade II pattern is 
evident. 

After several more weeks, she found herself able 
to resume all of her household duties. There has 
been no angina of effort nor any cardiovascular 
symptoms since. The ballistocardiogram taken on 
June 27, 1952, shows a fairly normal resting pat- 
tern, G, with low amplitude expiratory complexes; 
and after exercise, H, a grade I ballistocardiogram, 
with excellent amplitude response. A year later, 
both the basal and exercise traces were completely 
normal. 


Case 3 (Fig. 3). Recovery from myocardial in- 
farction. E.B., a 49 year old seamstress, was known 
to have had hypertension for nine years before 
suffering an anterior myocardial infarct on Nov. 23, 
1950. Convalescence was begun six weeks later. The 
blood pressure has been normotensive since re- 
covery. A ballistocardiogram was taken on Jan. 
19, 1951, and showed a grade III trace at rest and 
after exercise. Repeat ballistocardiographic studies 
showed no improvement for 14 months; this paral- 
leled her complaints of weakness and angina of 
effort. Repeat electrocardiographic studies showed 


pattern. On June 27, 1952, the basal ballistocardio- 
gram, G, is grade I; after exercise, H, the grade I 
pattern is maintained with good amplitude response; 
I waves are absent in the expiratory complexes. 
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Fic. 3. Recovery from myocardial infarction. (A) 
Basal ballistocardiogram. Grade II respiratory vari- 
ation. (B) Ballistocardiogram after light exercise. 
Normal. 


the fixed findings of a healed anterior wall infarct. 
In May 1952, the basal ballistocardiogram was 
grade III, and the exercise trace was grade I. In 
September 1952, she was free of symptoms; the 
basal trace was grade II and the postexercise trace 
was grade I. She returned to work at that time. 
Two months later (November 1952), the basal 
ballistocardiogram, A shows a grade II pattern, 
but the light exercise trace, B, is now normal, with 
good amplitude response to exertion. 


Case 4 (Fig. 4). Essential hypertension. M.B., a 
54 year old man, was known to have had hyper- 
tension for 16 months, with a blood pressure range 
of from 160/90 to 185/90. There were no symp- 
toms. Clinical examination, renal function, fluoros- 
copy and electrocardiogram were normal. The basal 
ballistocardiogram, A, is normal, the K waves 
being deep. Light exercise, B, results in an excellent 
ballistocardiographic response; the K waves are 
prominent; the third complex shows shortening of 
the IJ complex. 


Fic. 4. Essential hypertension. (A) Basal ballisto- 
cardiogram. Normal with deep K waves. (B) Ballisto- 
cardiogram after light exercise. An excellent ampli- 
tude response is noted; the K waves are prominent. 
The third complex shows shortening of IJ. 


Fic. 5. Asymptomatic hypertension. Balliostcardio 
graphic improvement with exercise. (A) Basal ballisto 
sardiogram. Low amplitude grade III pattern, with 
absent I waves, fused HJ waves and broad or notched 
K waves. (B) Ballistocardiogram after light exercise. 
It appears normal except for diminished I and J wave 
amplitude. 


Case 5 (Fig. 5). Asymptomatic hypertension, 
ballistocardiographic improvement with exercise. 
B.S., a 48 year old bookkeeper, was known to have 
had hypertension for six years, with a blood pres- 
sure range from 195/110 to 220/120. There were no 
vardiovascular symptoms. The heart was slightly 
enlarged; the basal metabolic rate and the renal 
function were normal. The electrocardiogram 
showed left ventricular hypertrophy. The resting 
ballistocardiogram, A, shows a low amplitude, 
grade III pattern with absent I waves, fused HJ 
waves and broad or notched K waves. After light 
exercise, B, marked improvement in the trace 
occurs; however, shortening of the IJ and absent I 
waves are present. 

Case 6 (Fig. 6). Hypertension. Gallop rhythm. 
T.B., a 52 year old housewife, had suffered from 
hypertension of eight years’ duration, with a range 
of blood pressure from 210/190 to 240/130. She 
complained of severe headaches and shortness of 
breath. The heart was enlarged, and a gallop 
rhythm was present. The electrocardiogram showed 
left ventricular hypertrophy and ‘strain’ pattern. 
The resting ballistocardiogram, A, in expiration, 
shows tall H and N waves; L is very small or 
absent, G notable and I short or absent. The 
second, third and fifth complexes, in inspiration, are 
fairly normal. After light exercise, the trace 
worsens; there are no normal complexes. G is prom- 
inent; H is tall; J small or notched; I short or ab- 
sent; L diminutive or absent; and N is very tall. 
This patient improved with digitalis and sodium 
restriction, and her cardiovascular symptoms 
abated concurrently with her clinical improvement. 
The basal and exercise ballistocardiograms re- 
verted to a grade I pattern. 


Case 7 (Fig. 7). Malignant hypertension. M.L., a 
47 year old physician, had suffered from severe 





HARRY MANDELBAUM AND ROBERT A. MANDELBAUM 397 


ee ek oh a oh a a 
Mahl WAT WA fd 


Fic. 6. Hypertension—gallop rhythm. (A) Basal 
ballistocardiogram. G is prominent, H tall, I short or 
absent, J short, L very small or absent. N forms the 
most prominent headward wave (in expiration). Dur- 
ing inspiration, second, third and fifth complexes are 
relatively normal. (B) Ballistocardiogram after exer- 
cise. Marked abnormality during expiration and in- 
spiration, with prominent H and N waves and small 
slurred J waves; I short or absent. 


recurrent headaches and labile hypertension for 20 
years, with a range of blood pressure from 160/100 
to 290/115. No cardiovascular symptoms were 
present. The eyegrounds showed grade III reti- 
nopathy. The heart was slightly enlarged, an 
intravenous pyelogram showed pyelonephritis and 
the urine cultures were positive. The ballisto- 
cardiogram, A, shows the predominant headward 
wave to be the L wave. After light exercise, B, the 
J waves show better amplitude but remain slurred 


























Fic. 7. Malignant hypertension. (A) Basal ballisto- 
cardiogram. H and J waves small, I absent or short 
and L the predominant headward wave. (B) Ballisto- 
cardiogram after light exercise. J. waves become tall 
and are notched in the fifth and sixth complex. L is 
the predominant headward wave and J-L interval 
has widened. 


or notched; the prominence of the L waves is 
conspicuous. 

This record was taken during the period of 
malignant hypertension. With hexamethonium, 
parenterally, and sodium restriction, the blood 
pressure was reduced to normal. Four weeks later, 
the basal ballistocardiogram was normal and a 
grade I pattern was obtained after light exercise. 


Case 8 (Fig. 8). Myocarditis. M. Z., a 30 year old 
clerk, was ill with infectious mononucleosis. After 
four weeks, weakness persisted. Liver function tests 
were normal. Clinical examination and an electro- 
cardiogram were normal. The basal trace, A, is 
normal, with some prominent L waves. After 
exercise, B, the L waves are tall in the inspiratory 
complexes; small notched J waves are evident in the 
expiratory complexes. 

The patient did not feel well enough to return to 
work until six weeks later, when the basal, C, and 
exercise, D, traces were normal. By comparing the 
recovery trace with the initial trace, the importance 
of serial records is strikingly shown. 





Fig. 8. Myocarditis. (A) Basal ballistocardiogram. 
Prominent L waves. (B) Ballistocardiogram after 
exercise. Grade I respiratory variation, tall inspira- 
tory L waves; notched J waves of low amplitude in 
expiratory complexes. (C and D) The basal and exer- 
cise traces several weeks later are normal. Note im- 
portance of serial traces to compare amplitude of A 
to C and B to D. 
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SUMMARY 


The normal heart and the hypertrophied 
heart adjust to the stress of exercise by an 
increase in the cardiac output. This is accom- 
plished by an improvement in the work capac- 
ity per unit of ventricular tissue and by an 
increase in coronary blood flow. 

The dilatory response of the coronary circu- 
lation to increased metabolic needs is impaired 
in proportion to the extent of organic coronary 
artery disease. In heart failure, the over- 
stretched fibers cannot respond to the demands 
of extra work; the force of the contraction is 
reduced; the cardiac output decreases, and an 
increase in the end diastolic pressure of the 
pulmonary arterial tree results. 

The ballistocardiograph records the vigor 
of cardiac ejection and the speed of diastolic 
filling. It provides a simple means for the study 
of the physiologic response to the stress of 
exercise. In the presence of heart failure, not 
only does the exercise ballistocardiogram fail 
to show amplitude improvement, but deteriora- 
tion of the systolic complexes with accentua- 
tion of the diastolic waves result. This is 
reversed by digitalis. Where extensive myo- 
cardial scarring interferes with the metabolic 
efficiency per unit of ventricular tissue or 
where the dilatory response of the coronary 
circulation to stress is impaired by appreciable 
organic disease, exercise produces worsening of 
the ballistocardiogram. These findings are not 
influenced by digitalis. A satisfactory ballisto- 
cardiographic response to exercise, as judged 
by normal configuration and increased ampli- 
tude of complexes, suggests an adequate 
myocardial function capability. 

The application of the light exercise test 
has proved of inestimable clinical value in this 
study. We feel that its inclusion in all routine 
ballistocardiographic examinations is essential. 
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SuMARIO EspaNou 


El corazén normal y el corazén hipertrofiado 
se ajustan al esfuerzo del ejercicio por medio 


de un aumento en la produccién cardiaca. Esto 
se obtiene mediante un aumento en la capaci- 
dad de trabajo por unidad de tejido ventricular 
y por un aumento en la circulacién coronaria. 

La respuesta dilatoria de la circulacién coro- 
naria a las aumentadas demandas metabdlicas 
se empeora en proporcién a la extensién de la 
enfermedad orgdnica coronaria. En el corazén 
decompensado, las fibras demasiado estiradas 
no pueden responder a las demandas de trabajo 
adicional; la fuerza de contraccién se reduce; 
la produccién cardiaca disminuye y un incre- 
mento en la presién diastdlica final del tronco 
pulmonar arterial resulta. 

El balistocardiégrafo registra el vigor de la 
expulsion cardiaca y la rapidez del henchimiento 
diastélico. Provee un medio sencillo para el 
estudio de la respuesta fisiolégica al esfuerzo 
del ejercicio. En la presencia de decompensa- 
cién cardiaca, no solamente el balistocardio- 
grama durante el ejercicio deja de mostrar 
aumento en la amplitud, pero si también 
deterioro en los complejos sistélicos con acentu- 
acién de las ondas diastélicas. Estos cambios 
son reversibles con el digital. Cuando extensas 
cicatrizes del miocardio interfieren con la efi- 
ciencia metabdlica por unidad de tejido ven- 
tricular o cuando la respuesta dilatoria de la 
circulacién coronaria al esfuerzo es empeorada 
por enfermedad orgdnica coronaria apreciable, 
el ejercicio produce deterioro del balistocardio- 
grama. Estos hallazgos no son influenciados 
por el digital. Una respuesta satisfactoria 
balistocardiografica al ejercicio, juzgada por 
configuracién normal y aumento de amplitud 
de los complejos, sugiere una capacidad fun- 
cional del miocardio adecuada. 

La aplicacién de la prueba de ejercicio ligero 
ha probado ser de inestimable valor clinico en 
este estudio. Nosotros creemos que es esencial 
el que se incluya como parte de todos los 
examenes rutinarios balistocardiograficos. 
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The Ballistocardiogram in Acute Rheumatic 
Fever 


By Wiu1aM B. Aprams, Ist Lt., MC, AUS, anp GrorcGe L. CuEesLtey, Capt. MC, AUS 


Sixty-four ballistocardiograms were obtained on a portable equalized electromagnetic ballisto- 
-ardiograph from 18 young adult males with acute rheumatic fever. Thirteen of these subjects 
had clinical findings suggestive of heart involvement and five did not. Abnormal records were 
obtained from only one patient in each group. It appears, therefore, that abnormal ballistocardio- 
grams are not often found in acute rheumatic fever even when evidences of cardiac involvement 


are present. 


N a previous communication the ballisto- 
cardiograms obtained from 319 healthy 
young adult males on an equalized elec- 

tromagnetic ballistocardiograph were de- 
scribed.! The present report deals with the 
ballistocardiograms similarly obtained from 
18 young adult males with acute rheumatic 
fever, 13 of whom had clinical evidences of 
heart involvement. Starr,? Dock,*: 4 and Brown, 
DeLalla, Epstein and Hoffman" have reported 
cases of active rheumatic carditis in which the 
ballistocardiograms were abnormal. 


MATERIALS AND METHODS 


All patients were on the medical service of a 
military hospital and were under the direct care of 
one of the authors. The diagnoses of acute rheu- 
matic fever were based on the clinical findings listed 
in table 1. Six of the patients had had an upper 
respiratory illness within the three weeks prior to 
the onset of the presently discussed illness, and four 
individuals gave a history of a previous attack of 
rheumatic fever. None of the subjects received 
penicillin or immunization injections or admitted to 
a urethritis during the month prior to the onset of 
the illness. All 18 patients had fever. All but one 
subject had a migratory polyarthritis which in 
every case subsequently cleared completely. All but 
one individual had an elevated erythrocyte sedi- 
mentation rate. The patient without arthritis had a 
tachycardia and a transient second degree auriculo- 
ventricular heart block on the electrocardiogram. 
Valvulitis and/or myocarditis was inferred from the 
presence of changing significant heart murmurs in 10 
cases. Unstable electrocardiographic abnormalities 
also suggested myocardial involvement in seven of 
these subjects and in three others. The electro- 
cardiographic changes noted were: first degree A-V 
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heart block in four cases, second degree block in 
two cases, and abnormalities of the T waves in five 
cases. Pericarditis was inferred in one patient from 
typical serial electrocardiographic changes. This 
subject also had a diastolic murmur heard along 
both sides of the upper sternum. Nine of the 13 indi- 
viduals with these evidences of cardiac involvement, 
and one other patient, had a prominent tachycardia. 
We believe the symptoms, signs, and electrocardio- 
graphic findings described above justified the diag- 
nosis of acute rheumatic fever in all patients with 
at least a mild degree of heart involvement in 13 
subjects despite the fact that none of the patients 
same to autopsy to provide pathologic confirmation. 

The ballistocardiograph used was a_ portable 
electromagnetic model as described by Dock.‘ 
Electrical equalization was effected by placing a 20 
microfarad capacitor across the coils. The basic 
characteristics of this instrument as well as the 
technic and precautions employed in obtaining the 
records were described in the previous report.! 
Patients who could not come to the fluoroscopic 
table were placed on the floor in order to obtain a 
solid base. Freedom of movement was determined by 
a shoulder tap. There was no attempt at calibration 
because of the lack of a valid method in living 
subjects.2° When evaluating the records, therefore, 
changes in amplitude without changes in form were 
not considered significant. 

The commonly accepted criteria of normality 
and abnormality were applied in the interpretations 
of these records.!: 4 The most common abnormali- 
ties were recently reviewed by Brown, Rinzler, and 
Benton." Of the 71 records obtained, 7 could not be 
interpreted because of distortion from tachycardia or 
somatic tremor. 


RESULTS 


The results are summarized in table 2. 

A. Thirty-three ballistocardiograms were 
obtained from the 13 subjects considered to 
have heart involvement during the acute phase 
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of the disease. Thirty-one of these records 
were clearly normal (fig. 1). One record, ob- 
tained from a subject with mitral stenosis 
resulting from a previous rheumatic episode 
(case 10), was considered to show the grade 1 
changes of Brown® (fig. 2A). Tracings ob- 
tained from this individual when the rheu- 
matic process appeared to be subsiding and 
later inactive were similar (fig. 2B). Lastly, 
one record was considered suspicious because 
of low amplitude (case 7, fig. 2C). It could 
not be considered abnormal, however, because 
there were no abnormalities of form and, as 
mentioned above, quantitative interpretations 
of records made on this type of ballistocardio- 
graph are open to question. 

Of the seven tracings obtained during the 
period when the evidences of rheumatic fever 
and carditis seemed to be subsiding, only the 
record of case 10 referred to in the preceding 
paragraph, was abnormal. Six normal records 
were obtained from three other individuals. 

Three normal ballistocardiograms were ob- 
tained after evidences of systemic and cardiac 
rheumatic activity were no longer present. One 
of these was the second tracing obtained from 
case 7 (fig. 2D). As noted above, the ballisto- 
cardiogram obtained from case 10 when the 
process became clinically inactive continued 
to show a grade 1 abnormality according to 
Brown® (fig. 2B). 

B. Twelve ballistocardiograms were obtained 
from the five subjects with acute migratory 
polyarthritis without evident cardiac involve- 
ment. Eleven of these were normal and one 
was interpreted to show the grade 1 abnormality 
of Brown (case 5, fig. 2, left). Two normal 
tracings were also recorded from this individual 
during the acute phase of his illness (fig. 27, 
middle), but a tracing obtained while the 
symptoms and signs were subsiding and one 
obtained when there were no detectable evi- 
dences of activity again showed only grade 1 
abnormality (fig. 2H, right). 

Five ballistocardiograms were obtained from 
three of these subjects while the clinical pic- 
ture was considered to be subsiding. Of these, 
only the one mentioned above (case 5) was 
abnormal. 

Of three ballistocardiograms obtained from 


TABLE 1.—Summary of the Clinical and Electro- 
cardiographic Findings upon Which the Diagnoses 
of Acute Rheumatic Fever Were Based in 18 Cases 








Finding Cases 





. Antecedent upper respiratory 
fection 

. History of previous rheumatic fever. . | 

. Migratory polyarthritis | 


. Elevated erythrocyte sedimentation | 


. Chest pain 
. Tachycardia 
. Cardiac enlargement 
9. Changing apical systolic murmur. ... 
. Parasternal diastolic murmur 
. First degree A-V heart block 
. Second degree A-V heart block 
. Abnormal T waves 
. Serial ECG’s suggestive of peri- | 


} 
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TABLE 2.—Su 


mmary of the Results of this Study 


* b- 
Clinical epee Number Normal | normal 
Phase ti BCG’s | BCG’s | BCG’s 
ents 
(grade) 


Group 


A. Acute rheumatic | Active 13 33 : 1 (1) 
fever with heart | Subsiding | 4 1 (1) 


involvement Inactive | 4 1 (1) 


B. Acuterheumatie | Active 1 (1) 
fever without evi- | Subsiding | q 1 (1) 


dent heart in-| Inactive | 2 d 1 (1) 
volvement 


two of these subjects after the rheumatic fever 
had apparently become inactive, only the 
record of case 5 mentioned above was abnormal. 


DISCUSSION 


Since abnormalities of the ballistocardio- 
graph are said to reflect disturbances of ven- 
tricular ejection, arterial resistance, and/or 
return flow and cardiac filling,!® “5 it would 
seem that the inflammatory process did not 
significantly alter these factors in most of our 
patients. Abnormal ballistocardiograms were 
obtained from only 1 of 13 subjects with evi- 
dences of active rheumatic carditis and one 
of five individuals with acute rheumatic fever 
without evident heart involvement. Further- 
more, the abnormal records obtained were of 
minimal degree and such tracings have been 





iss) (LEE 

Fic. 1. Representative ballistocardiograms from the 11 patients with acute rheumatic fever with 
heart involvement whose tracings were interpreted to be unquestionably normal. The electrocardio- 
grams shown were obtained the same day as the respective ballistocardiograms. A, case 18: Left, 
hallistoecardiogram (BCG); right, electrocardiogram showing a second degree A-V heart block and 
abnormal T waves. B, case 6: Left, ballistocardiogram; right, electrocardiogram showing abnormal 
T waves. C, case 14: Left, ballistocardiogram. The third complex shows a negative wave preceding 
the H wave which resembles that recently described by Davis and co-workers" in association with 
mitral stenosis. This was noted on 7 of the 22 complexes on this strip. This patient had an apical 
systolic murmur. Right, electrocardiogram showing abnormal T waves. D, same case, three weeks 
later: The illness was still clinically active. Left, ballistocardiogram. The negative waves described 
above are not seen. Right, electrocardiogram showing a sinus tachycardia and abnormal T waves. 
E, case 2, ballistocardiozram; one electrocardiographic complex is also shown to demonstrate the 
first degree A-V heart block. F, case 1. G, case 3. H, case 8. J, case 17. J, case 11. K, case 16. 
The ballistocardiogram is normal despite a tachycardia. L, case 13. The ballistocardiogram is nor- 
mal despite a tachycardia. 


402 





WILLIAM B. ABRAMS AND GEORGE L. CHESLEY 


Po | 
MAMA ATV 4 


ae 1 
Said 


Fic. 2. Representative ballistocardiograms from the two patients with heart involvement and 
the one patient without evident heart involvement whose tracings were interpreted to be at vari- 
ance. A, case 10: Two sections from the same strip. Note the complexes showing the small, high HIJ, 
deep K, prominent L configurations. Less than half the total number of complexes were so altered 
therefore it was of grade-1 abnormality. B, same case: Left, ballistocardiogram (BCG) taken six 
weeks later after the rheumatic fever became clinically inactive. The record is not significantly 
different. Right, electrocardiogram, typical of all of his, showing abnormal P waves. This patient 
had mitral stenosis from a previous rheumatic episode. C, case 7: Left ballistocardiogram show- 
ing low amplitude without abnormality of form. Right, electrocardiogram showing first degree 
A-V heart block. D, same case: Normal ballistocardiogram, left, and normal electrocardiogram, 
right, taken after the rheumatic fever became clinically inactive. EF, case 5. Left, ballistocardio- 
gram taken while the patient had active arthritis. Note the low amplitude complexes of the small, 
high HIJ, deep K, prominent L configuration. The record was of grade 1 abnormality. Middle, 
normal ballistocardiogram also taken during the active phase. Right, ballistocardiogram, similar 
to the first, taken after the rheumatic fever became clinically inactive. 


recorded from perfectly normal young men.! stenosis from a previous rheumatic episode 
In both of these cases the same type of ballisto- and this condition is capable of altering the 
cardiograms was obtained after the rheumatic ballistocardiogram.?: '°: 16° Thus we do not 
process became clinically inactive. Another feel that we can consider the ballistocardio- 
point is that one of these patients had mitral graphic findings in these patients to be related 
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to the evident carditis in one, or to be sugges- 
tive of carditis in the other. 

From the practical point of view these re- 
sults do not suggest that the ballistocardio- 
graph, when used according to the methods of 
this study, would be of diagnostic aid in cases 
of suspected rheumatic carditis. Although the 
cardiac involvement in our patients could be 
considered mild in most cases, it was neverthe- 
less detectable clinically and on the electro- 
cardiogram, but not on the ballistocardiogram. 
Furthermore, in our cases, the ballistocardio- 
grams did not seem to reflect the degree of 
heart involvement since the most severely ill 
patient had four normal tracings. 


SUMMARY AND CONCLUSIONS 


1. Thirty-three ballistocardiograms were ob- 
tained from 13 young adult males with evi- 
dences of active rheumatic carditis. Thirty-one 
records were clearly normal. One record showed 
only a grade 1 abnormality, but a similar trac- 
ing was obtained after the illness became 
clinically inactive. One record showed low 
amplitude but could not be considered ab- 
normal because there were no changes of form. 

2. One grade 1 abnormal and 11 normal 
ballistocardiograms were obtained from five 
subjects with active migratory polyarthritis 
without evident heart disease. The patient 
with the variant tracing had similar records 
which were taken during the subsiding and 
inactive phases. 

3. From the results of this study it would 
seem that the ballistocardiogram is normal in 
most mild cases of acute rheumatic fever even 
when unstable electrocardiographic abnor- 
malities and changing heart murmurs indicate 
sardiac involvement. 


Case HISTORIES 


Case 1. An 18 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis involving the knees and ankles of four 
days duration. Examination of the heart revealed a 
tachycardia of 110 beats per minute. The initial 
erythrocyte sedimentation rate was 34 mm. in one 
hour, and the electrocardiogram showed a first 
degree A-V heart block and abnormal T waves. The 
evidences of rheumatic activity persisted for 14 
days, and during this time one ballistocardiogram 
was taken (fig. 17). Two others were taken during 


the subsiding and inactive phases. Diagnosis: Acute 
rheumatic fever with myocarditis and polyarthritis. 


Case 2. A 19 year old white male entered the 
hospital because of fever and a migratory poly- 
arthritis of seven days’ duration involving the knees, 
ankles and shoulders. There was a history of a 
pharyngitis three weeks before. Examination of the 
heart revealed a grade 2 apical systolic murmur. The 
initial erythrocyte sedimentation rate was 46 mm. 
in one hour, and the electrocardiogram showed a 
first degree A-V heart block (fig. 1). The evidences 
of rheumatic activity persisted for 30 days and 
during this time three ballistocardiograms (fig. 1Z) 
were taken. Diagnosis: Acute rheumatic fever with 
ralvulitis, myocarditis, and polyarthritis. 


Case 3. A 17 year old white male was admitted to 
the hospital because of fever and a migratory poly- 
arthritis of one and one-half days’ duration in- 
volving the knees, ankles, elbows, and shoulders. 
Examination of the heart revealed a grade 1 systolic 
murmur at the apex and a grade 2 diastolic murmur 
along both sternal borders but loudest at the left 
lower sternal border. The initial erythrocyte sedi- 
mentation rate was 45 mm. in one hour, and the 
electrocardiogram showed a first degree A-V heart 
block. The evidences of rheumatic activity persisted 
for 21 days and during this time two ballistocardio- 
grams (fig. 1@) were taken. Diagnosis: Acute rheu- 
matic fever with valvulitis, myocarditis, and poly- 
arthritis. 


Case 4. A 20 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis involving the knees and wrists of two 
days duration. On examination the heart appeared 
normal. The initial erythrocyte sedimentation rate 
was 32 mm. in one hour, and the electrocardiogram 
was normal. The evidences of rheumatic activity 
persisted for 17 days and during this time four 
ballistocardiograms were taken. Diagnosis: Acute 
rheumatic fever with polyarthritis. 


Case 5. A 17 year old white male entered the 
hospital because of fever and a migratory poly- 
arthritis of 48 hours duration involving the knees and 
ankles. He gave a history of sore throat 10 days 
previously. Examination of the heart revealed 
normal findings. The initial erythrocyte sedimenta- 
tion rate was 54 mm. in one hour, and the electro- 
sardiograms were normal. The evidences of rheu- 
matic activity persisted for 24 days and during this 
time three ballistocardiograms were taken, one of 
which was abnormal (fig. 2). Three ballistocardio- 
grams were taken, during the subsiding and inactive 
phases (fig. 2E, right). Diagnosis: Acute rheumatic 
fever with polyarthritis. 


Case 6. A 17 year old white male was hospitalized 
because of fever and a migratory polyarthritis, in- 
volving the knees, ankles and elbows, of 48 hours 
duration. There was a history of rheumatic fever 





WILLIAM B. ABRAMS AND GEORGE L. CHESLEY 405 


three years previously. Examination of the heart 
revealed a tachycardia of 118 beats per minute and 
a grade 2 high pitched decrescendo diastolic murmur 
at the base of the heart. A protodiastolic gallop but 
no definite murmur was heard at the apex. The 
initial erythrocyte sedimentation rate was 32 mm. in 
one hour. X-ray films of the chest revealed the heart 
size to be at the upper limits of normal. The initial 
electrocardiogram showed S-T segment changes 
compatible with a diagnosis of acute pericarditis and 
the subsequent electrocardiographic evolution sup- 
ported this diagnosis (fig. 1B). The evidences of 
rheumatic activity persisted for 30 days and during 
this time two ballistocardiograms were taken 
(fig. 1B). Diagnosis: Acute rheumatic fever with 
pancarditis and polyarthritis. 


Case 7. An 18 year old white male was admitted 
because of choking sensations, palpitations and 
syncope of two days’ duration. He had vague joint 
aching but no definite polyarthritis. On admission 
the temperature was 99.8 F., and examination of the 
heart revealed a tachycardia of 110 beats per minute 
and a grade 1 precordial systolic murmur best 
heard at the apex. The initial erythrocyte sedimenta- 
tion rate was 47 mm. per hour, and the electro- 
-ardiogram showed a second degree A-V heart block. 
The evidences of rheumatic activity persisted for 
14 days, and during this time one ballistocardiogram 
was taken (fig. 2C). Another record was taken after 
the rheumatie fever became inactive (fig. 2D). 


Diagnosis: Acute rheumatic fever with myocarditis. 


Case 8. A 17 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis involving the ankles and knees of 24 
hours duration. He gave a history of having had 
pharyngitis two and one-half weeks previously and 
also of having had rheumatic fever at age 10 and 
chorea at age 14. Examination of the heart revealed 
a tachycardia of 110 beats per minute. The initial 
erythrocyte sedimentation rate was 34 mm. in one 
hour and the electrocardiogram showed abnormal 
T waves. The evidences of rheumatic activity per- 
sisted for 30 days and during this time four ballisto- 
sardiograms were taken (fig. 1H). Two of these were 
unreadable because of tremor. Diagnosis: Acute 
rheumatic fever with myocarditis and polyarthritis. 


Case 9. A 21 year old white male entered the 
hospital because of fever and a migratory poly- 
arthritis involving the ankles and knees of seven days 
duration. Examination of the heart revealed normal 
findings. The initial erythrocyte sedimentation rate 
was 66 mm. in one hour, and the electrocardiogram 
was normal. The evidences of rheumatic activity 
persisted for two weeks and during this time one 
ballistocardiogram was taken. Diagnosis: Acute 
rheumatic fever with polyarthritis. 


Case 10. An 18 year old white male was admitted 
because of fever, left anterior chest pain and a 


migratory polyarthritis of two days duration. Ex- 
amination of the heart revealed a grade 4 systolic 
murmur and a crescendo presystolic murmur at the 
apex. The patient gave a history of having rheu- 
matic fever at the age of 4 years. The initial erythro- 
cyte sedimentation rate was 30 mm. in one hour. 
X-ray films of the chest revealed generalized cardiac 
enlargement with a straight left heart border and a 
prominent pulmonary conus arteriousus. The 
electrocardiograms showed abnormal P waves (fig. 
2B, right). The evidences of rheumatic activity 
persisted for 25 days, and during this time one 
ballistocardiogram (fig. 2A) was taken. Two others 
were taken during the subsiding and inactive phases 
(fig. 2B, left). Diagnosis: Recurrence of active rheu- 
matic fever with myocarditis and polyarthritis in a 
patient with mitral stenosis and cardiac enlargement 
from a previous episode. 


Case 11. A 19 year old white male was hospitalized 
because of fever and a migratory polyarthritis, 
involving ankles and knees, of two days’ duration. 
The patient had had an upper respiratory infection 
two weeks previously. Examination of the heart re- 
vealed a tachycardia of 116 beats per minute. The 
initial erythrocyte sedimentation rate was 45 mm. in 
one hour and the electrocardiograms showed pro- 
longed P-R intervals. The evidences of rheumatic 
activity persisted for 21 days and during this time 
three ballistocardiograms (fig. 1J) were taken. Four 
more were taken during the clinically subsiding and 
inactive phases. Diagnosis: Acute rheumatic fever 
with myocarditis and polyarthritis. 


Case 12. A 21 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis involving the knees and ankles of two 
days’ duration. He had had a sore throat one week 
previously. Examination of the heart revealed a 
tachycardia of 110 beats per minute. The initial 
erythrocyte sedimentation rate was 34 mm. in one 
hour, and the electrocardiograms were normal. The 
evidences of rheumatic activity persisted for 21 days, 
and during this time one ballistocardiogram was 
taken. Four more were taken during the subsiding 
and inactive phases. Diagnosis: Acute rheumatic 
fever with polyarthritis. 


Case 13. An 18 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis of two days’ duration. He gave a 
history of sore throat one week previously and rheu- 
matic fever 10 months previously. Examination of 
the heart revealed a grade 2 systolic murmur at the 
apex, which was transmitted to the left axilla. The 
initial erythrocyte sedimentation rate was 38 mm. 
in one hour and the electrocardiogram was normal 
except for prolongation of the Q-T intervals. The 
evidences of rheumatic activity persisted for 21 
days and during this time one ballistocardiogram 
(fig. 1L) was taken. Diagnosis: Acute rheumatic 
fever with valvulitis, myocarditis and polyarthritis. 
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Case 14. A 20 year old white male was hospitalized 
because of fever, migratory polyarthritis of 48 hours’ 
duration, and pleuritic type pain in his left anterior 
chest of 18 hours’ duration. On admission, the tem- 
perature was 103.4 F. and the patient appeared ex- 
tremely toxic. Initial examination of the heart re- 
vealed only a tachycardia of 120 beats per minute. 
Several days later, however, a grade 2 systolic 
murmur at the apex was heard. The initial erythro- 
cyte sedimentation rate was 50 mm. in one hour. 
X-ray films of the chest revealed a probable pneu- 
monia of the basilar division of the left lower lobe. 
Urinalysis revealed 2 plus albumin, occasional red 
blood cells and occasional coarse granular casts. The 
electrocardiograms revealed abnormal T waves 
(fig. 1C and D). The evidences of rheumatic activity 
persisted for 30 days and during this time four 
ballistocardiograms (fig. 1C and D) were taken. Two 
more were taken during the subsiding phase. Diag- 
nosis: Acute rheumatic fever with valvulitis, myo- 
carditis, polyarthritis and possibly rheumatic pneu- 
monia and glomerulonephritis. 


Case 15. An 18 year old white male entered the 
hospital because of fever and a migratory poly- 
arthritis involving the knees, ankles and wrists. He 
had been hospitalized 17 days previously because of 
arthralgia, but because symptoms subsided promptly 
with rest and because the erythrocyte sedimentation 
rate was normal he had been discharged. Forty-eight 
hours before this admission he developed a definite 
polyarthritis. Examination of the heart revealed 
normal findings. The initial erythrocyte sedimenta- 
tion rate was 32 mm. in one hour, and the electro- 
cardiogram was normal. The evidences of rheumatic 
activity persisted for two weeks and during this 
time three ballistocardiograms were taken. One more 
was taken during the subsiding phase. Diagnosis: 
Acute rheumatic fever with polyarthritis. 


Case 16. A 20 year old white male was admitted 
because of fever and a migratory polyarthritis, in- 
volving the knees and ankles, of four days’ duration. 
Examination of the heart revealed a tachycardia of 
110 beats per minute and a grade 2 systolic murmur 
at the apex. The initial erythrocyte sedimentation 
rate was 15 mm. in one hour, and the electrocardio- 
gram revealed abnormal T waves. The evidences of 
rheumatic activity persisted for three weeks and 
during this time two ballistocardiograms were taken 
(fig. 1K), one of which was distorted by somatic 
tremor. Diagnosis: Acute rheumatic fever with 
valvulitis, myocarditis, and polyarthritis. 


Case 17. A 23 year old white male entered the 
hospital because of fever and a migratory poly- 
arthritis involving the knees and ankles of three days’ 
duration. He gave a history of pharyngitis two weeks 
previously. On admission examination of the heart 
revealed only a tachycardia of 110 beats per minute. 
However, after several days a grade 2 systolic 
murmur at the apex was heard. The initial erythro- 
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cyte sedimentation rate was 38 mm. in one hour, and 
the electrocardiogram showed abnormal T waves. 
The evidences of rheumatic activity persisted for 
six weeks and during this time eight ballistocardio- 
grams (fig. 17) were taken. Diagnosis: Acute rheu- 
matic fever with valvulitis, myocarditis, and poly- 
arthritis. 


Case 18. A 20 year old white male was admitted 
to the hospital because of fever and a migratory 
polyarthritis involving the ankles and knees of six 
days’ duration. He gave a history of having laryn- 
gitis and pharyngitis three weeks previously. On 
admission examination of the heart revealed only a 
tachycardia of 100 beats per minute. However, after 
several days a grade 2 systolic murmur at the apex 
was heard. The initial erythrocyte sedimentation 
rate was 40 mm. in one hour, and the electrocardio- 
grams revealed second degree A-V heart block 
(fig. 14). The evidences of rheumatic activity per- 
sisted for three weeks and during this time four 
ballistocardiograms were taken (fig. 1A). Diagnosis: 
Acute rheumatic fever with valvulitis, myocarditis 
and polyarthritis. 
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SuMARIO EspaNou 

1. Treinta y tres balistocardiogramas se 
obtuvieron en 13 adultos jovenes varones con 
evidencia de carditis reumatica activa. Treinta 
y un trazados fueron claramente normales. Un 
trazado mostré anormalidad grado 1, pero un 
trazado similar se obtuvo luego que la enferme- 
dad se convirtid clinicamente inactiva. Un 
trazado mostré amplitud baja pero no se pudo 
considerar anormal debido a la ausencia de 
cambios en configuracién. 

2. Un balistocardiograma anormal grado 1 
y 11. balistocardiogramas normales fueron 
obtenidos en cinco sujetos con _poliartritis 
activa migratoria sin evidencia de enfermedad 
cardiaca. El paciente con el trazado variante 
tuvo similares trazados que fueron tomados 
durante las fases de mejoria y de inactividad. 

3. De los resultados de este estudio es 
aparente que el balistocardiograma es normal 
en la mayoria de los casos leves de fiebre reu- 
mdtica aguda atin en presencia de cambios 
electrocardiograficos inestables y soplos cardia- 
cos indicando afeccién del corazén. 
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An Evaluation of Certain Vasodilator Drugs 


by a Heat Flow Technic 





By B. N. Catcupo.e, F.R.CS., anp R. P. Jepson, F.R.CS. 


The effects on the skin heat flow, using a copper-tellurium disc technic, of Tolazoline (Priscoline), 
Hydergine, Regitine and P-9295 when administered parenterally are compared with the results 


HERE is a great need in clinical prac- 

tice for an efficient method of increasing 

the blood flow in the extremities of pa- 
tients suffering from acute, chronic or inter- 
mittent ischemia. A surgical or chemical sym- 
pathectomy may be an unsatisfactory or 
inadequate procedure or be contraindicated by 
reason of the age or general condition of the 
patient. Many drugs have been studied in 
recent years which cause a peripheral vasodila- 
tion by their action at various levels in the 
neuroeffector chain. Some of these have been 
abandoned following a critical clinical and 
experimental evaluation because of their in- 
efficiency or their unpleasant and dangerous 
side effects.!: ? 

This paper reviews four drugs which have 
been reported to have vasodilator actions. All 
have been administered parenterally under 
controlled conditions to normal subjects and 
to a group of patients suffering from degenera- 
tive arterial disease in the lower extremity. 
Their action on skin circulation in the digits 
has been particularly investigated, as a threat- 
ened or frank ischemic gangrene in such areas 
is a frequent cause for the loss of a limb in the 
atherosclerotic patient. 


METHODS 


One hundred forty studies of the actions of the 
vasodilator drugs were made in 60 subjects, of whom 
21 (61 studies) had atherosclerotic occlusive vascular 
disease (superficial femoral or popliteal artery 
thrombosis) of the legs. The major complaint, in this 
latter group was intermittent claudication. They all 
had grade 1 nutrition of the feet.* Patients with 
ulceration, rest pain or gangrene were omitted from 
this series. The 79 studies on normal limbs were 
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of reflex heat vasodilatation, in normal and atherosclerotic limbs. 


performed on 39 volunteers. The age groups of the 
patients are shown in figure 1. 

Variations in blood flow through the skin of the 
digits were estimated by gradient calorimetry uti- 
lizing a heat flow dise described by Stafford Hat- 
field‘ and Bonney, Hughes and Janus.® Heat flow 
dises consist of tellurium alloy coated on both faces 
with copper gauze and have diameters varying from 
0.5 to 1.0 em. and thicknesses of 2 to 3 mm. Leads 
from the copper gauze were connected with a mirror 
galvanometer (450 ohms). By physical methods it 
can be shown that there is a linear correlation be- 
tween the heat exchange across the two faces of the 
disc and the galvanometer readings. If one surface 
of the dise is kept at a constant temperature, the 
potential difference arising from heat loss or gain to 
the opposing surface allows a direct measurement to 
be obtained in thermal units per unit area per unit 
time. The thermoelectric constant for any disc 
varies less than 5 per cent over temperatures ranging 
from 30 to 200 C.4 Each disc must be separately 
calibrated. 

The lightly clothed subject was rested horizontally 
on a couch, with the hands and feet uncovered, in a 
draughtless, temperature-controlled room for at 
least 45 minutes before the readings were com- 
menced. Precautions were taken to eliminate noise, 
conversation and other distracting stimuli. The 
temperature in the room was maintained at 21 C. + 
0.5 C., with a humidity of approximately 50 per 
cent. Serial blood pressure readings were made 
before and following the drug injections. 

The disc was attached to the pulp skin of a digit 
by thin cellulose tape. For finger heat flow determi- 
nations, the digit and the dise were covered with a 
fine rubber finger stall and immersed in a con- 
tinuously stirred water bath maintained at a tem- 
perature of 30 C. For lower limb recordings the disc 
was fixed by tape to the great toe which was then 
firmly applied to the vertical wall of a copper water 
bath, the temperature of which was maintained at 
30 C. Readings were made from both lower limbs, 
or a lower limb and a finger. Direct readings from 
the outer surface of the water bath against which the 
toe lay were approximately 1C. lower than the 
water temperature. 

Injections of the drugs were made over a period 
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of a few seconds either into an antecubital vein 
(i.v.) or directly into the femoral artery (i.a.) 
through a 16 gauge needle (outside diameter 0.55 
mm.). In a few instances subcutaneous injections 
(s.c.) were made. The pH of the drugs varied from 
3.6 to 6.8 and when they were injected into the 
artery with active circulation the pH was not be- 
lieved to modify their effects. 

The following drugs were studied: (a) 2-benzyl- 
4,5-imidazoline hydrochloride (Tolazoline, B.P. or 
Priscoline) ; (b) 2[N-p’-tolyl-N-(m’-hydroxypheny])- 
amino methyl] imidazoline (Regitine); (c) the 
methanesulfonate derivatives of dihydroergocornine 
dihydroergocristine and dihydroergokryptine (Hy- 
dergine); (d) pentamethyl-diethyl-3 azapentane-1 , 5- 
diammonium-dibromide (P-9295). 

When the changes in digital heat flow following 
the injection of one of the above drugs had been 
studied, reflex vasodilatation was obtained in each 
patient by warming the trunk and the proximal parts 
of the limbs with an electric blanket until the mouth 
temperature rose at least 0.3 C. By this technic it 
was possible to compare the effect of drug injection 
with the maximal heat flow obtained by reflex vaso- 
dilatation. The intraarterial injections were only 
made in the lower limb. When intravenous or other 
parenteral injections have been studied, the maximal 
heat flow response whether in the finger or toe has 
been recorded. 

The following scale has been used: 


Grade Response 


| 


0 | No change in heat flow 





1 | Maximal heat flow increase quantita- 
tively less than a half of that obtained 
by reflex heating 





| Heat flow increase more than a half of 
that obtained by reflex heating 





Heat flow increase equal to that ob- 
tained by reflex heating 


| Diminished heat flow 





RESULTS 


The duration of the response for the whole 
group of vasodilator drugs ranged as follows: 
In a grade 1 response, from 3 to 10 minutes; 
grade 2, from 5 to 30 minutes; grade 3, from 
10 to more than 60 minutes. It was apparent 
that the quantitative response and its duration 
bore some relationship. 


15 


No of Patients 


-30 31-40 «41-50. St- 
AGE GROUPS (YRS) 


Fic. 1. Age group distribution of normals and ar- 
teriopathic patients. 


A. 2-benzyl-2-imidazoline hydrochloride (Tol- 
azoline or Priscoline) 


(a) Studies (23) on normal subjects. Intra- 
arterial injections of 50 mg. were made in six 
patients. In three cases no increase in heat flow 
in the ipsilateral toe was recorded following 
the injections, although the patient mentioned 
a feeling of warmth slowly spreading down the 
leg to the knee or ankle for 60 to 90 seconds 
after the injection. In the remaining three 
cases, grade 1, 2 and 3 responses respectively, 
were obtained. 

Fifteen intravenous studies of Tolazoline 
were made; in five the dose was 25 mg. and in 
10, 50 mg. Records were made from the medius 
of the hand and the great toe. The collective 
responses are recorded in table 1. In none of 
the experiments did the heat flow response 
persist for more than 30 minutes, and it is 
interesting to note that in two patients a 
diminished heat flow occurred in the toe disc. 

The subcutaneous injection of 50 mg. of 
Tolazoline resulted in no response in one case 
and a decrease of heat flow in a second when 
readings were made from the toe. 

(b) Studies (24) in patients suffering from 
vascular disease. Fifty mg. of Tolazoline was 
used in every case. Eight intra-arterial injec- 
tions, recorded from the ipsilateral toe, re- 
sulted in an increase of toe heat flow in one 
patient, no response in five and a decrease in 
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TABLE 1.—Collective Results of the Parenteral 
Injections in Normal Patients 


Maximal Response in Toe or 
Finger, Grade 


Route of Ad- 
ministration | 


| 

| = 

| =a. 1 
—_—___—|- 

| 


Drug 


<a Des oe 
Tolazoline ia. 

iv. 

s.c.* 


Regitine 





Hydergine 





i.v. 


*i.a. = intra-arterial; i.v. = intravenous; s.c.= 


subcutaneous. 


heat flow in two. The maximal duration for 
which an increased heat flow was recorded in 
any experiment was 11 minutes. That an in- 
crease in heat flow was possible was demon- 
strated by comparison with the response to 
reflex heat vasodilatation. Following 11 intra- 
venous injections, a grade 2 response occurred 
in one patient, a grade 1 in four and no change 
in heat flow in six (table 2). 


TABLE 2.—Collective Results of the Parenteral 
Injections in Patients Suffering from 
Occlusive Vascular Disease 


Maximal Response . Toe or 
Route of Ad- | Finger, Grade 

Drug ministration 
—1 | cts 


Tolazoline i.a. 2 





Regitine 





Hydergine 





P-9295 





B. 2[|N-p’-tolyl-N -(m'hydroxyphenyl) -amino - 
methyl] imidazoline (Regitine) 


The dose injected in every case was 10 mg. 

(a) Studies (27) in normal subjects. Intra 
arterial injections were made on five occasions : 
in three subjects no increase in heat flow re- 
sulted and in two a grade 2 response was re - 
corded. No color change or pain was observe: 
in the injected limb although the patien 
remarked on a ‘“‘warm or tingling’ sensatio 
running down to the foot lasting for a minut 
or so. A feeling of “flushing” or facial warmt! 
was complained of by two patients. 

Thirteen intravenous injections were made 
Following the majority of these the patien‘ 
became aware of a bounding heart action 
light headedness and a general sensation oi 
warmth. There was usually a slight depression 
of the blood pressure in the normotensive 
patient. An increase in the pulse rate by 20 to 
30 a minute and a tachypnea were more fre- 
quently recorded. These reactions could be 
minimized by prolonging the injection over a 
period of two to three minutes. A considerable 
fall in blood pressure was recorded especially 
in one hypertensive patient (not included in 
this series). (See fig. 2.) Three of the injections 
resulted in a grade 3 response, three in a grade 
2, five in a grade 1 response and two were 
followed by no change in heat flow in the finger 
or toe. The response was generally greater in 
the finger than the toe (fig. 3). Subcutaneous 


2404 . 
220 \ el 
1 \/ 


@ SYSTOLIC 


wa 


© DIASTOLIC 


Pe) 
OC au © 
No o™ 
om 


10 
5 mgm MINUTES 
Regitine 
tv 
Fic. 2. Hypertensive patient, age 40. Horizontal 
position during reading. 
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| 
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MINUTES 


Fig. 3. Normal patient, age 50 


injections in nine patients gave a grade 1 re- 
sponse in three instances and no response in six. 

(b) Studies (22) in patients suffering from 
vascular disease. An intra-arterial injection of 
Regitine was made in eight patients. In six no 
change in heat flow occurred and in one a de- 
creased reading resulted. A single patient 
responded by a grade 1 heat flow. 

Fourteen intravenous injections were ob- 
served and in five cases the finger heat flow 
was measured together with that of the toe. 
Following nine injections no change in heat 
flow was demonstrated, in four a grade 1 in- 
crease and in one a decrease. 


C. The methanesulfonate salts of dihydroergo- 
kryptine, dihydroergocornine and dihydro- 
ergocristine (Hydergine) 


Hydergine was injected in a volume of 1 ml. 
which contained 0.1 mg. of each of the above 
three compounds. 

(a) Studies (16) in normal subjects. Intra- 
arterial injections were performed in six sub- 
jects. In three patients no response, in two a 
grade 2 response, and in one patient a grade 
3 response resulted. The latter persisted for 
more than 60 minutes. In no instance did an 
increased heat flow occur in the contralateral 
leg (fig. 4). Intravenous (seven studies) and 
subcutaneous injections (three studies) failed 
to alter the heat flow readings in the toe or 
finger. The subcutaneous injections were 
painful. 

(b) Studies (6) in patients suffering from 
vascular disease. In patients suffering from 
occlusive vascular disease, three intra-arterial 
and three intravenous injections of- Hydergine 


resulted in no increase in the heat flow meas- 
urements in the finger or the toe. No toxic 
manifestations were recorded following the 
injection of Hydergine in the normal or the 
atherosclerotic patients. 


D. Pentamethyl-diethyl-3-azapentane-1, 5-diam- 
monium dibromide (P-9295) 


The dose injected in every case was 100 mgm. 

(a) Studies (8) in normal subjects. Following 
four intra-arterial injections, a grade 2 response 
was recorded in two studies, a grade 1 in one 
and no response in another. The greatest dura- 
tion of response was 45 minutes, and in every 
case ‘the initial increase, occurring simultane- 
ously and to the same degree in the ipsi- and 
contralateral limbs, was delayed for 90 to 120 
seconds following the injection of P-9295. Four 
intravenous injections gave a grade 2 response 
in two cases and a grade 1 in two cases. 

(b) Studies (6) in patients suffering from 
arterial disease. A grade 2 response was ob- 
tained in two patients following intra-arterial 
P-9295. Three studies made following the 
intravenous introduction of P-9295 showed a 
grade 2 response on two occasions and no 
change on one. A single subcutaneous injection 
caused a grade 1 response. The maximum du- 
ration of increased heat flow following the in- 
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Fig. 4. Normal patient, age 50. Broken line: 
readings from left toe. Continuous line: right toe 
readings. | 





412 HEAT FLOW EFFECTS OF VASODILATORS 


TABLE 3.—Collective Results of Parenteral Adminis- 
tration in Patients with Occlusive Vascular Disease 
Who Had Been Subjected to Lumbar Sympathectomy 
Several Months Previously 


Maximal Response in Toe or 
Route of Ad- Finger, Grade 


Drug ministration | 


1 2 


Tolazoline 





Regitine 





TaBLeE 4.—Collective Results of Parenteral Adminis- 
tration in Patients with Normal Arterial Circulation 
Who Had Been Subjected to a Lumbar Sympa- 





Maximal Response in Toe or 


Route of Ad- Finger, Grade 


Drug ministration 


1 2 


Tolazoline 


Hydergine 





P-9295 


jection of P-9295 by any route in both normals 
and patients with vascular disease was 40 min- 
utes. No toxic or unpleasant side effects were 
noted following the administration of P-9295 
to the resting patient, although several pa- 
tients developed a hypotension and _ tachy- 
cardia. A postural hypotension could be dem- 
onstrated for hours after the injections. 

A limited number of additional studies were 
made using the vasodilator drugs in patients 
who had been subjected to a lumbar sym- 
pathectomy 3 to 12 months previously. (See 
tables 3 and 4.) In these patients the response 
was a minimal, or absent, change in heat flow. 


DISCUSSION 


The technic of disc calorimetry has proved 
satisfactory for this type of investigation. The 
heat flow is proportional to the skin tempera- 
ture if the external disc face is maintained at 
constant temperature. It is not supposed that 
a linear relationship exists between digital skin 


blood flow and heat flow recordings, nor is the 
method suitable for registering the upper 
limits of vasodilatation. For the higher levels 
of digital blood flow ‘“‘vacuum”’ calorimetry or 
venous occlusive plethysmography are _ re- 
quired. As the response to the vasodilator 
drugs was generally below that following 
reflex vasodilatation, these more elaborate 
methods were not used. 

Dise calorimetry is remarkably sensitive to 
changes of blood flow at the intermediate and 
lower levels of peripheral vasodilatation and 
vasoconstriction. Psychic stimuli, smoking and 
arterial occlusion by a pneumatic cuff cause 
rapid changes in the galvanometer readings, 
and minute-to-minute fluctuations in finger 
and toe blood flow under standard conditions 
can be assessed. It would appear to have dis- 
tinct advantages over the copper-constantan 
thermocouple in its rapidity of response. 

The importance of a standard and controlled 
room temperature must be emphasized. If 
this is above 23 C. release of peripheral vascu- 
lar tone is greatly facilitated and is maintained. 
Should the room temperature fall below 19 C., 
it is difficult to produce a peripheral vasodilata- 
tion even with body heating. The optimal 
temperature would appear to be 21 C. + 0.5 C. 
Certainly any comparison of vasodilator drugs 
in which the conditions are not controlled is 
valueless. 

It is also important that the effects of the 
vasodilator drugs should be compared with 
some known effective peripheral vasodilata- 
tion technic. In all our cases an increase of 
heat flow has been demonstrated by reflex 
heating. The quantitative response has been 
greater in the normal group than in the athero- 
sclerotic patients, but even in the latter a 
definite increase of heat flow from the basal 
readings has been readily demonstrated. 

The pharmacologic actions of Tolazoline 
(Priscoline) have been reviewed by Nickerson’ 
and Ahlquist, Huggins and Woodbury* and 
its clinical application by Lynn,’ Grimson 
and coworkers!® and White, Smithwick and 
Simeone." This synthetic imidazoline, which 
is chemically related to pilocarpine and his- 
tamine, has many of their actions. It is also a 
powerful adrenergic blocking agent and has 
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a addition a blocking action at the neuro- 
auscular junction.” It is suggested that its 
veripheral vasodilatation action is dependent 
m its histamine-like, or its adrenergic-blocking 
ictivities.” 

In 1950 Lynn* demonstrated the marked 
vasodilator effect of Tolazoline following an 
injection into the brachial artery. In our ex- 
oerience with six normal subjects, the intro- 
duetion of the drug into the femoral artery 
resulted in no increase in heat flow in three 
subjects and a varying response of relatively 
short duration in the remainder. It is possible 
‘hat the lower limb responds less well than the 
upper to the vasodilator properties of Tol- 
izoline. The heat flow response was even less 
pronounced in patients with occlusive vascular 
disease. In eight studies, five patients gave no 
response to intra-arterial administration, one 
showed a short lived increase and two a de- 
crease in heat flow. It is interesting to note 
that shrinkage of the paw and diminution in 
the paw pulse wave is sometimes seen in anes- 
thetized dogs following the intra-arterial intro- 
duetion of Tolazoline.” 

On one occasion an intra-arterial injection 
of Tolazoline in a normal subject was followed 
by a more prolonged and greater rise in heat 
flow in the ipsilateral than the contralateral 
limb. This observation together with the 
rapidity of response and the vasodilatation 
following intra-arterial Tolazoline in sym- 
pathectomized limbs'® suggests that the drug 
is active at the effector level. Patients often 
complained of a sense of warmth in the leg 
when no change in heat flow could be demon- 
strated, and it was noted that a similar sensa- 
‘ion may be experienced by the patient if 
isotonic saline ( 2 ml.) is likewise introduced 
intra-arterially. 

Regitine is a synthetic imidazoline. Unlike 
lolazoline, however, it has no cholinergic 
‘ffects such as myotropic contractile activity 
n the experimental animal, and by reason of 
its adrenergic blocking properties it has been 
used in the diagnosis and treatment of pheo- 
chromocytoma of the adrenal gland.'* Its 
clinical application has been investigated by 
Longino and associates'® and Green and Grims- 
ley.'® In our experience its action when adminis- 


tered intra-arterially was comparable to that 
of Tolazoline, in that, peripheral increase in 
heat flow was absent in many of the normal 
subjects and in the majority of the patients 
suffering from peripheral vascular disease. In 
one normal patient its action following intra- 
arterial injection was more persistent in the 
ipsilateral than in the contralateral limb. Al- 
though intravenous injections in normal 
subjects caused an increase in heat flow in the 
toe or the finger in 11 out of 13 studies, its 
administration by this route caused consider- 
able distress to the patient. Tachycardia, 
tachypnea and a fall in blood pressure were 
frequently demonstrated. In patients with 
occlusive arterial disease, four developed a 
grade 1 response following its intravenous 
injection and 10 showed no response or demon- 
strated a decrease of heat flow. One hyper- 
tensive patient (not included in this series) 
developed a severe fall of blood pressure. In 
the experimental animal the blood pressure 
may remain depressed for two hours following 
a single dose of Regitine.'® 

Hydergine is a mixture of three hydrogenated 
ergot alkaloids and following intra-arterial 
injection has a greater quantitative effect in 
the ipsilateral than the contralateral limb of 
normal subjects.” In three of our six studies 
in normal subjects no change in heat flow 
followed its intra-arterial introduction. In the 
three studies in which Hydergine was injected 
into the femoral artery in patients suffering 
from occlusive vascular disease, no increase in 
heat flow could be detected and in one case a 
diminution resulted. In both groups of pa- 
tients, subcutaneous or intravenous injection 
of the dihydrogenated ergot alkaloids failed 
to produce an increase in heat flow in the toe. 
Its intra-arterial or intravenous injection was 
painless and unassociated with any systemic 
disturbance except for a slight lowering of the 
blood pressure, although Goertz'® has reported 
toxic effects following its use. Barcroft, Kon- 
zett and Swan” have shown that Hydergine 
has a dual action by central inhibition and by 
a peripheral adrenergic blockade, and that 
when the alkaloids were given intra-arterially 
to sympathectomized subjects they tended to 
cause a vasoconstriction in the hands and feet. 
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Intravenous infusions of Hydergine, they 
found, caused little change in calf blood flow 
although the hand and foot flow increased in 
10 normal patients. 

The drug P-9295 whose chemical structure 
resembles hexamethonium, has been investi- 
gated by Lynn, Sancetta and Simeone.'® By 
reason of its delayed action when injected 
intra-arterially and the equal quantitive re- 
sponse in both lower limbs, its action is thought 
to be at the autonomic ganglion level. It has 
been shown to have a blocking action at the 
neuromuscular junction in dogs.” Following 
14 parenteral injections in normal and athero- 
sclerotic patients no augmentation of heat flow 
was recorded of more than 30 minutes duration. 
Its central and general action would appear to 
be major objections to its clinical use. 


CONCLUSION 

Although of great pharmacologic interest, 
the general usefulness of ganglionic blocking 
agents such as tetraethylammonium bromide 
and hexamethonium is limited. They are in- 
complete, nonselective and transient in their 
actions, producing a general blockade of the 
autonomic system with resultant unpleasant 
and possibly dangerous side effects such as 
hypotension. Furthermore their action is more 
pronounced in the normal than in the athero- 
sclerotic limb. P-9295 would appear to have 
the failings of this class of drug.!* 

There is nevertheless a need for a drug which 
will produce a selective vasodilatation in a 
limb without general or central effects. Such a 
drug would supply an alternative or supple- 
mentary method of treatment to those already 
available in surgical and chemical sympa- 
thectomy. Tolazoline, Hydergine and possibly 
Regitine can in some instances produce such a 
selective action at the neuroeffector level al- 
though, even in normal subjects, this is capri- 
cious in occurrence, of short duration and un- 
likely to be of therapeutic value. 

From our experience we would agree with 
White, Smithwick and Simeone" that the 
action of vasodilator drugs on the blood flow 
to limbs of patients suffering from occlusive 
arterial disease is quantitatively less than in 
normal subjects, and we believe that their 


effectiveness does not justify repeated arterial 
puncture. Indeed, in the hypertensive patiert, 
the fall in blood pressure which is often induecd 
may cause an additional embarrassment ‘0 
the ischemic limb. When possible, reflex vas )- 
dilatation and sympathetic nerve interrupticn 
would in every way appear to be more satis- 
factory and efficient methods of increasi: g 
peripheral skin blood flow. Although the o » 
servations on sympathectomized limbs a 
limited, our results indicate that the blo 
flow to the normal or diseased lower limb do 
not increase significantly with the parenter 
administration of any of the four drugs i 
vestigated. 


SUMMARY 


1. A technic for the measurement of changes 
in heat flow from skin is described, using a 
copper-tellurium disc. 

2. The effects on the skin heat flow of 
Tolazoline (Priscoline), Hydergine, Regitine 
and P-9295 when administered parenterally 
are compared with the results of reflex heat 
vasodilatation, in normal and atherosclerotic 
limbs. 

3. In normal and particularly in athero- 
sclerotic limbs the drugs, when injected into 
the femoral artery, are capricious in their 
action and effective only for short periods. 

4. It is concluded that the effectiveness of 
the drugs does not justify repeated arterial 
puncture. 
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SUMARIO EspaNou 


1. Una técnica para la determinacidén de lo: 
cambios en temperatura cuténea usando wu 
disco de cobre y telurio se describe. 

2. Los efectos del cambio en temperatur: 
cutanea del Tolazoline (Priscoline), Hydergine 
Regitine y P-9295 cuando son administrado: 
parentericamente se comparan con los resulta 
dos de la vasodilatacién refleja al calor e1 
extremidades normales y ateroesclerdticas. 
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3. En las extremidades normales y parti- 
ularmente en las ateroesclerédticas, las drogas 
uando fueron inyectadas en la arteria femoral 
us acciones fueron caprichosas y efectivas 
olamente por cortos periodos. 

4. Se concluye que la efectividad de estas 
irogas no justifica la puncidn arterial repetida. 
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Stages of Salt Exchange in 


Essential Hypertension 


By D. M. Green, M.D., A. D. Jounson, M.D., W. C. Brinces, M.D., anp J. H. LEnMann, M1]. 


The relation of sodium to hypertension remains one of the most fascinating problems in medicine. 
The results accumulated over a five-year period of study of this relationship are presented in the 
paper which follows. In these investigations the appetite for salt and the output of sodium under a 
variety of loading conditions have been correlated with cardiac and renal function and compared 
with the patterns found in experimental corticoid and renal hypertensions. 


HE basic enigma of essential hyper- 

tension remains its pathogenesis. The 

major forms of animal hypertension, in 
which the genetic mechanism is set into motion 
by the experimenter, show many resemblances 
to the human disease in their functional and 
architectural derangements.! Nevertheless, the 
methods used to induce experimental hyper- 
tension differ so much, both from one another 
and from what is known of the spontaneous 
origin of essential hypertension, as to cast 
doubt on the validity of pathogenetic or thera- 
peutic interpretations based on the resultant 
animal diseases. 

The purpose of this report is to point out 
that a common denominator between essential 
and experimental hypertension is the existence 
of certain specific patterns of sodium exchange 
which are correlated with the stage of the 
disease. Studies of the development of hyper- 
tension in animals given desoxycorticosterone 
acetate: (DCA) have shown that this disease 
occurs in two stages.? The early stage is marked 
by an elevated sodium and water output, most 
evident under load, an increased salt appetite, 
and a progressively rising blood pressure. In 
the late stage the output under load, as well as 
the spontaneous salt intake, revert toward 
normal and the blood pressure stabilizes at a 
high level.? When renal hypertension is induced 
by encapsulation of the kidneys in latex or 
silk envelopes, early and late stages may be 
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demonstrated which resemble the two stages « 
hypertension induced by desoxycorticosteron 
acetate with regard to loading responses, sal 
appetite and blood pressure.’ 

The cyclic variations in sodium exchang: 
which occur in the experimental hypertension: 
have led us to surmise that human hyperten 
sion also may pass through two stages, dis- 
tinguishable by comparable patterns of ex- 
change. The existence of such patterns in 
essential hypertension would be of importance 
in establishing a correlation with the patho- 
genetic mechanisms in the experimental hyper- 
tensions. We have approached the problem 
by studying the spontaneous salt appetites of 
human subjects and their responses to intra- 
venous saline and mannitol loads. 

The estimation of salt appetite by direct 
measurement of the sodium content of self- 
selected diets presents many practical diffi- 
culties. Since animal experiments have demon- 
strated a high correlation between sodium 
output, both basal and under load, and the 
antecedent intake*, and human studies had 
shown the excretion of urinary sodium to be a 
reliable index to its content in the diet®, we 
have based our estimates of comparative salt 
appetite on the basal salt output in the urine 
when the patient has been allowed to choose 
his own dietary intake. 

In experiments previously reported® the 
rates of sodium and water excretion, both 
basal and under hypertonic salt loads, were 
found to be correlated with the height of the 
blood pressure. The degree of correlation, 
although significant, was low. Re-examination 
of these data subsequent to their original pub- 
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Fig. 1. Sodium excretion rates during the first hour 
ifter the intravenous administration of 5 per cent 
sodium chloride solution, 100 cc. per square meter, 
siven during the first 25 minutes. The vertical dotted 
ine divides the 45 patients into normotensive and 
iypertensive groups. The horizontal dotted line di- 
vides the hypertensive group into those with sodium 
yutputs in the normotensive range and those whose 
outputs exceed the highest normotensive value. All 
subjects had been on self-selected dietary sodium 
intakes prior to test. The sodium output of the nor- 
motensive group under load was 0.209 + 0.141 mEq. 
per square meter per minute. (The corresponding 
water output was 1.12 + 0.70 cc. per square meter 
per minute.) Under these conditions a hypertensive 
patient whose sodium output exceeds 0.491 mEq. per 
square meter per minute may be considered a sodium 
hyperexcretor (p < 0.05). (The corresponding value 
for water output is 2.52 cc. per square meter per 
minute.) (From data reported in Circulation 6: 919, 
1952.) 


lication showed that approximately 40 per 
cent of the hypertensive group excreted sodium 
at rates greater than the highest found in the 
uormotensive group, while the remainder were 
within the normotensive range (fig. 1). The 
output under load of all patients in the group, 
hoth normotensive and hypertensive, was 
highly correlated with the basal output, even 
hough the basal outputs varied widely, while 
‘he load was kept constant (fig. 2). 

In the present studies, an analysis has been 
nade of the responses of patients on self-se- 
ected dietary intakes to both isotonic salt 
oads and to mannitol loads. Simultaneous 
‘ardiac and renal measurements were per- 
‘ormed on certain of these subjects to determine 
whether different patterns of sodium exchange 
‘in hypertensive subjects are associated with 
distinctive alterations in heart and kidney 
function and with the course of the disease. 


0.754 UnaV (Basat) 
MEQ/MIN/M2 


075 100 
Una V (Loaveo) 
MEQ/MIN/M2 
Fig. 2. Sodium excretion rates in 45 patients dur- 
ing the first hour after the intravenous administra- 
tion of 5 per cent sodium chloride solution, 100 ce. per 
square meter, as compared with their basal rates dur- 
ing the immediately preceding 30 minutes. All sub- 
jects had been on self-selected dietary sodium intakes 
prior to test. The sodium output under load was 
highly correlated with the basal output (rz, = 0.771, 
t = 7.96, p < 0.01). (The corresponding values for the 
water outputs were: rz, = 0.687, ¢ = 6.21, p < 0.01.) 
(From data reported in Circulation 6: 919, 1952.) 


TaBLE 1.—Composition of the Subject Group 


Number of 


Diagnosis Subjects 


No circulatory disease 
Pregnancy toxemia without hypertension 
Nephritis without hypertension 
Arteriosclerotic heart disease 

Arteriosclerotic and hypertensive heart | 





METHODS AND MATERIALS (GENERAL) 


The subjects for these studies consisted of 79 
ward patients and outpatients from the King County 
Hospital, Seattle, 26 of whom were normotensive 
and 53, hypertensive. The majority were suffering 
from some form of cardiovascular disease (table 1). 
None was in congestive failure at the time of study. 
The normotensive subjects were selected primarily 
to serve as controls for the hypertensives. They were 
not intended to represent a group of normal indi- 
viduals. “Increase,” “decrease” and similar terms 
are used in relation to values determined in this 
control group, which do not necessarily coincide 
with those found in completely normal subjects. 
The specific procedures and measurements per- 
formed on different portions of the subject group 
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are outlined in the descriptions of the individual ex- 
periments. 

No dietary restrictions were imposed except that 
the subject was instructed to take nothing by mouth 
from the previous midnight until completion of the 
test on the following morning. On the day of study 
the height and weight were measured and the sur- 
face area calculated. All functional studies were 
carried out with the patient in the supine position. 

The blood pressure was taken at intervals 
throughout the experimental procedure with a mer- 
cury sphygmomanometer. The approximate mean 
pressure was calculated as half the sum of the aver- 
age systolic and diastolic pressures. The value so 
obtained is usually somewhat higher than the true 
mean pressure as obtained by the analysis of pres- 
sure pulse curves.’ 

Blood was secured from the femoral artery or the 
antecubital vein. Urine was collected through an in- 
dwelling catheter. For each specimen the bladder 
was drained, washed with measured portions of 
sterile distilled water and blown out with air. The 
catheter was clamped between collections. 

All chemical analyses were done in duplicate. Pre- 
injection blood or urine samples were used for blank 
determinations throughout. Plasma and urine so- 
dium concentrations were measured by the uranium 
acetate® or flame photometer method.* Chloride was 
determined by a variation of the Volhard method as 
modified by Whitehorn.'® 

The glomerular filtration rate was measured by 
the mannitol technic."! The mannitol was adminis- 
tered in a priming dose of 8 Gm. per square meter, 
and in a sustaining dose of 75 mg. per square meter 
per minute. 

Renal plasma flow was measured by the para- 
aminohippurate (PAH) technic.’? Para-aminohip- 
purate was administered in a dose of 10 mg. per 
square meter per minute, in the same solution with 
the sustaining dose of mannitol. The filtration frac- 
tion was calculated as the ratio of the mannitol 
clearance to para-aminohippurate (PAH) clearance. 

The sodium filtration rate was estimated without 
correction for the Donnan equilibrium effect by the 
expression: 


GFRy.s = GFR x Pra 


where GFRx, = sodium filtration rate (mEq. per 
square meter per minute); GFR = glomerular fil- 
tration rate (cc. per square meter per minute) as 
measured by the mannitol clearance; Px, = plasma 
sodium concentration (mEq. per cubic centimeter). 

The extracellular fluid volume was estimated by 
the mannitol technic. Cardiac output was measured 
by the direct Fick method. A subject’s mean glo- 
merular filtration rate, renal plasma flow, filtration 
fraction, sodium and water excretion rates and 
extracellular fluid volume were determined, after 
an equilibration interval, from the average of the 
values obtained during two or more subsequent 20- 


minute clearance periods; the mean cardiac output 
from duplicate measurements made near the mid 
points of these clearance periods. 

The existence and degree of correlation betwee: 
any two variables were determined by the calcula 
tion of correlation coefficients. The significance < 
differences between groups of patients was est 
mated by the standard error of the difference bx 
tween means. The degree of significance was estal 
lished by application of “Student’s” ¢ tests. 


EXPERIMENT | 
Procedure 


The subjects consisted of 9 normotensive an: 
15 hypertensive patients. Urine was collecte: 
during three 15-minute control periods. Th 
volume of each specimen was measured. Thi 
three specimens were then pooled and analyzec 
for chloride concentration. 

Following the control periods, 0.9 per cen: 
sodium chloride solution was administered 
intravenously at the rate of 10 cc. per kilogram 
per hour for two hours. Urine specimens were 
again obtained at 15-minute intervals and th« 
individual volumes measured. The pooled two 
hour specimen was analyzed for chloride con 
centration. 

The results of all chloride determinations 
were expressed as millimols of sodium chloride, 
an approximation which was considered ade- 
quate for the demonstration of any major dif 
ferences in salt output. 


Results 


The basal output of the normotensive group 
averaged 0.79 cc. of water and 0.103 millimols 
of salt per kilogram per hour. The _ basal 
values of the hypertensive group were about 
double those of the normotensive controls and 
averaged 1.78 cc. of water and 0.184 millimols 
of salt per kilogram per hour (fig. 3). 

Under load, the water and salt excretion of 
both groups increased but the net rise was 
much more marked in the hypertensive group. 
During the two-hour test period the rate of 
water excretion by the hypertensive group 
averaged 4.55 cc. per kilogram per hour, in 
contrast to 1.40 cc. for the controls; the cor- 
responding values for salt excretion were 0.490 
millimols per kilogram per hour as compared 
with 0.186 millimols: These differences were 
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@ HYPERTENSIVE 
0 NORMOTENSIVE 


OUTPUT 
5.0 
WATER 
(CC/KG/HR) 
25 


° 


0.50 

WACL 
(MM/KG/HR) 
0.25 


BASAL 0.9% NACL LOAD 
Fic. 3. Mean salt and water excretion rates in 9 
normotensive and 15 hypertensive patients during a 
15-minute basal period as compared with a two-hour 
test period during which 0.9 per cent sodium chloride 
solution was given intravenously at the rate of 10 ce. 
per kilogram per hour. The differences in rates under 
load were significant [p(H2O) < 0.01; p(NaCl) = 
().03]. All subjects had been on a self-selected dietary 
salt intake prior to test. The salt output under load 
was highly correlated with the basal output (rz, = 
().84, ¢ = 7.14, p < 0.01). The water outputs were com- 

parably correlated (rz, = 0.72, t = 4.91, p < 0.01). 


significant [p (H2O) < 0.01; p (NaCl) = 
0.03]. In both groups the outputs under load 
were highly correlated with the basal rates 
(fig. 3). 

Calculation of the cumulative output of 
urine showed that the normotensive group 
increased its rate of excretion slowly. At the 
end of two hours this group had excreted less 
than 15 per cent of the administered water 
load, in contrast to nearly 50 per cent for the 
hypertensive group (fig. 4). 

Despite the high average rates of water and 
salt excretion of the hypertensive group under 
‘oad, 6 of the 15 subjects fell within the range 
of the normotensive group. The remaining nine 
patients manifested excretion rates which 
exceeded the maximum rate among the con- 
trols as much as fivefold. 


EXPERIMENT 2 
Procedure 
The subjects consisted of 58 patients, 18 of 
whom were normotensive and 40, hypertensive. 


NACL 0.86% 
10 CC/KG/HR 1.V. 


B HYPERTENSIVE 


CUMULATIVE 0 NORMOTENSIVE 


OUTPUT 
(CC/K6) 


0 
MINUTES -I5 O 60 120 


Fig. 4. Cumulative increases in urine output of 9 
normotensive and 15 hypertensive patients during 
administration of 0.9 per cent sodium chloride solu- 
tion. Other conditions as in figure 3. 


The procedure was performed twice on five of 
the hypertensive subjects (table 2). Cardiac 
outputs were measured in 31 members of the 
group, para-aminohippurate clearances in 47 
and mannitol and sodium clearances in all. 
(Certain measurements were introduced into 
the general procedure later than others.) 
These subjects, in essence, were subjected to an 
osmotic load imposed by the injection of a 
uniform dose of mannitol per unit of surface 
area. The rate of water injection was also 
kept as uniform as possible, within the capaci- 
ties of the infusion pump used, and averaged 
slightly more than 1 ec. per square meter per 
minute. 


Results 


The sodium excretion of the normotensive 
patients fell within a relatively narrow range, 
lying between 0.017 and 0.330 mEq. per square 
meter per minute, for an average of 0.134 
mEq. (table 2). By contrast, the sodium ex- 
cretion of the hypertensive group ranged from 
0.041 to 1.065 mEq. per square meter per 
minute, and averaged 0.324 mEq. About 60 
per cent of the hypertensive patients (27 out of 
45 measurements) showed excretion rates 
within the normotensive range, while the 
remainder excreted sodium at rates which 
exceeded the highest in the normotensive group 
as much as threefold (fig. 5). 
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TaBLE 2.—Sodium and Water Excretion in Relation to Cardiac and Renal Function in Normal and Hypertensi»e 
Subjects. All Values Represent Averages of Two or More Measurements. All Chemical Determinations Were 
Performed in Duplicate 


P GFRxa, ae 
i, | mEq./M.2| cc./M.? 
min, mm. Hg /min. min, 


Una:V, Ux V, 
mEq./M 2 mEg./ce cc./M2 
min, n 7 


Normotensive Group 


0.017 0.005 3.22 63 : 23: ; - 10, 451 
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0.057 0.044 1.29 98 4.46 56 21. 4. 12,08 
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TABLE 2.—Continued 


| 
| Unra¥, ; 
mEq./M2 Una, 
/min. mEq./cc. | 


| v, 
cc./M2 
/min, 


0.041 
0.045 
0.075 
-100 
.109 
111 
135 
139 
150 
151 
152 
166 
168 
190 
206 
206 
210 
221 
227 
228 
230 
250 
262 
269 
276 
300 
320 
937 


0.044 0 
0.011 3 
0.030 2 
0.056 
0.074 
0.094 
0.087 
0.044 
0.084 
0.086 
0.061 
0.033 
0.037 
0.086 
0.056 
0.118 
0.092 
0.097 
0.092 
0.118 
0.120 
0.092 
0.080 
0.076 
0.091 
0.091 
0.102 
2.052 
27 
0.076 
0.029 
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0.183 
0.075 


Patient 29 is patient 8, postsympathectomy. 
Patient 46 is patient 26, postsympathectomy. 
Patient 67 is patient 58, postpartum. 


These results, together with our previous 
observations, confirmed the impression that 
hypertensive patients, both under basal con- 
ditions and under load, could be divided into 
‘wo groups: high sodium excretors and normal 
odium excretors. To further characterize 
hese two groups of hypertensive patients, the 
‘irculatory and renal functional values for 
hose hypertensive patients who were high 
‘odium excretors were averaged and compared 
vith the corresponding values for those hyper- 
ensive patients who were normal sodium ex- 
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9,180 
111,804 
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Patient 38 is patient 11, after a four-month interval. 


Patient 61 is patient 10, postadrenalectomy. 


cretors. Both groups were then compared with 
the normotensive control groups (fig. 6). 

This comparison showed that the mean uri- 
nary sodium concentration in the high sodium 
excretors, 0.115 mEq. per cubic centimeter, 
was significantly higher (p < 0.01) than that 
of either the normal sodium-excreting hyper- 
tensive group or the normotensive controls. 
Both hypertensive groups showed a significant 
increase in the rate of water excretion. 

The high sodium-excreting group of hyper- 
tensive patients was characterized by a nearly 
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Fig. 5. Mean sodium excretion rates during two or 
more clearance periods in which mannitol was ad- 
ministered at a rate of 75 mg. per square meter per 
minute, after a priming dose of 8 Gm. per square 
meter. The vertical dotted line divides the 63 meas- 
urements into normotensive and hypertensive groups. 
The horizontal dotted line divides the hypertensive 
group into those with sodium outputs in the normo- 
tensive range and those whose outputs exceeded the 
highest normotensive value. All subjects had been 
on self-selected dietary sodium intakes prior to test. 
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Fig. 6. Water and sodium excretion rates in rela- 
tion to renal function in normotensive, high sodium- 
excreting hypertensive, and normal sodium-excreting 
hypertensive groups respectively. Other conditions 
as in figure 5. 

V = urine output; Una-V = urinary sodium out- 
put; GFRy, = sodium filtration rate; BP = blood 
pressure; RPF = renal plasma flow; FF = filtration 
fraction. 

The differences in V, Uxa-V, BP and FF between 
the high sodium-excreting hypertensive group and 
the normotensive controls are significant (p < 0.01). 
The differences in GFRya, BP, and RPF between the 
normal sodium-excreting hypertensive group and the 
normotensive controls are also significant (p < 0.01). 


normal rate of sodium filtration, which aveyr- 
aged 7.35 mEq. per square meter per minut: , 
as compared with 6.32 mEq. for the norm¢ - 
tensive controls. Since these means did nx 

differ significantly, the greatly increased ur’. 
nary sodium output of the hypertensive grou 

appeared to result from a reduced tubula: 
reabsorption. The mean renal plasma flow wa 

decreased to 269 cc. per square meter pe: 
minute, as compared with a control value « 

313 ec. As a consequence, the group was marke 

by a significant elevation (p < 0.01) of th 
filtration fraction to 22.8 per cent, a valu 

approximately one and one-half times the noi 
motensive control mean of 15.3 per cent. Th 
eardiac output and the extracellular flui 
volume of the group were not significant] 
different from those of the controls. 

By contrast, the normal sodium-excreting 
hypertensive group showed a marked and 
significant diminution (p < 0.01) in filtration 
rate to a mean level of 4.81 mEq. per squar 
meter per minute. The maintenance of «a 
normal sodium output, despite a decreased 
sodium filtration rate, indicated that the 
normal sodium-excreting hypertensive group, 
like the high sodium-excreting group, was 
characterized by a diminished rate of tubular 
sodium reabsorption as compared with the 
normotensive controls. The renal plasma flow 
was also significantly reduced (p < 0.01) to a 
value of 212 cc. per square meter per minute, 
but was in proportion to the filtration rate, 
so that the mean filtration fraction, 16.9 per 
cent, was similar to that of the normotensive 
controls. 

The high filtration fraction of the high 
sodium-excreting hypertensive group, in con- 
trast to the relatively low fractions in both 
the normotensive and the normal sodium- 
excreting hypertensive group, suggested the 
existence of a more general relation between 
filtration fraction and sodium excretion. Com- 
parison of the two metameters over the combined 
groups (47 measurements) indicated that such 
a correlation did exist (rz, = 0.490) and was 
highly significant (t = 3.78, p < 0.001). 

Although the normal sodium-excreting hy- 
pertensive group showed a lower average 
cardiac output than either of the others, con- 
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:iderable overlap was present and the differ- 
nee was not significant. Their mean extra- 
ellular fluid volume was almost identical 
vith that of the high sodium-excreting group. 

The differences in filtration rate between the 
\wo hypertensive groups suggested the possi- 
ility that the differences in sodium excretion 
reflected only the effect of varying degrees of 
mannitol diuresis on urinary sodium output. 
Over the entire patient group (63 measure- 
ments) a low (rz, = 0.323) but significant 
correlation (p < 0.01) did, in fact, exist 
between the two metameters. That this mecha- 
nism was not responsible for the observed 
differences in sodium output was indicated by 
the following observations: the mean sodium 
output of the high sodium-excreting hyper- 
tensive group was four times as high as that 
of the normotensive group (p < 0.01), al- 
though their mannitol outputs did not differ 
significantly (p > 0.10). The mean sodium 
output of the normal sodium-excreting hyper- 
tensive group was slightly but significantly 
higher (p < 0.05) than that of the normotensive 
group, although their mean mannitol output 


was approximately 25 per cent lower (p < 
0.01). 


DISCUSSION 

Previous studies of the temporal course of 
human hypertension have shown that the 
early phase of the disease is characterized by 
an increased systemic blood pressure, a normal 
glomerular filtration rate, a decrease in effective 
renal plasma flow, a rise in filtration fraction and 
a depression in tubular secretory capacity. The 
later phase is marked by a fall in glomerular 
filtration rate and a further decrease in renal 
plasma flow and in maximum tubular secretory 
capacity." 

By these criteria the results of the current 
studies may be interpreted to indicate that 
hypertensive patients who are high sodium 
excretors in general represent an earlier phase 
of hypertensive disease, while those who are 
normal sodium excretors are in a later phase. 
In both stages the rate of tubular sodium 
reabsorption relative to the filtered load is 
decreased; a comparable observation has been 
made previously with respect to chloride.'* 


A high filtration fraction appears to be a 
definite concomitant of the stage of increased 
sodium excretion. (It is of interest that the 
filtration fraction also tends to be elevated in 
congestive failure, in which the employment 
of all mechanisms for increasing sodium ex- 
cretion would be of homeostatic value.) 

Using the basal sodium output as indicative 
of the relative dietary salt content, the further 
interpretation may be drawn that the appetite 
for salt is increased in the early phase of 
hypertension, while in the later phase it is 
normal. 

The sum of these findings indicates that 
the patient with essential hypertension ex- 
hibits specific changes in the pattern of salt 
exchange as the course of the disease progresses. 
The resemblance of these patterns to the ones 
previously observed in hypertension induced 
by desoxycorticosterone acetate and renal 
hypertension in animals” suggests that a 
common pathogenetic mechanism underlies 
all three of these diseases, despite their ap- 
parently diverse etiology. 


SUMMARY AND CONCLUSIONS 


Studies were made of the salt and water 
excretion of 79 patients under basal conditions 
and after the intravenous administration of 
saline or mannitol loads. Simultaneous meas- 
urements were made of the levels of renal and 
circulatory function in the majority of the 
subjects. The prior dietary intakes of salt 
and water were self-selected. 

The results indicated that hypertensive 
patients can be separated into two groups, 
high salt-excretors and normal salt-excretors. 
The high salt-excretors were characterized 
by an elevated output of salt and water, both 
under basal conditions and under various 
types of load; an increased salt appetite; a 
nearly normal glomerular filtration rate, 
maintained in the face of a reduced plasma 
flow through an increase in the filtration 
fraction; and by a mean cardiac output in the 
range of the normotensive controls. 

The normal salt-excretors were characterized 
by a relatively normal output of salt and water, 
both under basal conditions and under load, 
a normal salt appetite, and by a marked and 
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comparable decrease in both glomerular filtra- 
tion rate and renal plasma flow. The mean 
cardiac output was not significantly different 
from that of the previous group. 

In the combined normotensive and hyper- 
tensive group, the sodium output was directly 
and significantly correlated with the filtra- 
tion fraction. 

These findings are interpreted to indicate 
that the high salt-excretors represent an early 
stage of hypertensive disease, while the normal 
salt-excretors represent a later stage. The 
further interpretation is suggested that a high 
filtration fraction enters into the mechanism 
by which the kidney increases its sodium 
excretion. 

The patterns of salt exchange in human 
hypertension parallel the patterns which have 
been demonstrated in both hypertension in- 
duced by desoxycorticosterone acetate and 
renal hypertension in animals. Cyclic dis- 
turbances in sodium exchange appear to be a 
common denominator in the development of 
the major forms of both essential and experi- 
mental hypertension. 


SuMARIO EspaNou 


La relacién entre el sodio y la hipertensién 
persiste como uno de los problemas mas 
fascinantes en la medicina. Los resultados ob- 
tenidos por espacio de mds de 5 aiios de estudio 
de esta relacién se presentan en el trabajo 
siguiente. En estas investigaciones el apetito 
para la sal y la eliminacién total de sodio bajo 
una variedad de condiciones, han sido correla- 
cionados con la funcién cardiaca y renal y 
comparadé..con los patrones encontrados en 
hipertensién experimental corticoide y renal. 
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HE pericardium reacts to inflammation 
] in a manner similar to that of other 
serous membranes by the production 

of a fibrinous exudate and varying types of 
of effusion. The degree and character of the 
response vary with the noxious agent and 
condition the clinical manifestations which 
result. Pericarditis may represent the only 
cardiac lesion or it may develop concomitantly 
with myocarditis and endocarditis, although 
in most instances the superficial layer of the 
myocardium is involved to a variable degree. 
Pericarditis may be a primary disease or may 
represent one manifestation of a more wide- 
spread process. This review will deal with the 
clinical manifestations of the more important 
etiologic types of acute pericarditis. 

Acute pericarditis may be classified etio- 
logically into the following types: 
. Acute nonspecific pericarditis 
. Tuberculous pericarditis 
. Rheumatic pericarditis 
. Uremic pericarditis 
. Pericarditis secondary to myocardial in- 

farction 

. Pyogenic pericarditis 
. Traumatic pericarditis 
. Pericarditis due to neoplasm 
. Other rare forms of pericarditis 
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CLINICAL FEATURES AND PATHOLOGIC 
PHYSIOLOGY 


The various findings which fall under this 
heading and which are common to almost all 
types of pericarditis will be discussed before 
considering the individual etiologic types in 
more detail. 


Subjective Symptoms 


1. Pain. This symptom is extremely variable 
in its occurrence, distribution and intensity. 
The character of the pain varies in the differ- 
ent forms of pericarditis and will therefore be 
described later in greater detail under the 
specific etiologic type. The work of Capps,} 
although somewhat at variance with the 
findings of Alexander and associates,’> has 
clarified the pathogenesis of pericardial pain. 
Capps found that the visceral and inner 
surface of the parietal pericardium are in- 
sensitive to pain. The outer surface of the 
parietal pericardium is insensitive above the 
fifth or sixth intercostal space. Pain fibers 
from the phrenic nerve are distributed over 
the outer surface of the parietal pericardium 
below this level since stimulation resulted in 
pain over the trapezius ridge, characteristic 
of diaphragmatic pleurisy. In pericarditis 
the sharp pain, intensified by breathing, is 
otherwise not caused by the pericarditis per 
se but by contiguous involvement of the 
mediastinal; diaphragmatic or costal pleura. 
A large pericardial effusion may produce a dull 
oppressive sensation. 

2. Symptoms which May Develop from Peri- 
cardial Tamponade. These include dyspnea, 
edema and ascites, right upper quadrant and 
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epigastric pain due to hepatic congestion, 
fatigue, weakness and a sensation of faintness 
resulting from diminished cardiac output. 
Dyspnea is only rarely associated with pul- 
monary congestion but may develop from 
mechanical compression of trachea and bron- 
chi, reduction in the vital capacity by en- 
croachment of a huge pericardial effusion on 
the available intrathoracic space, or by as- 
sociated pulmonary or pleural disease. Cough 
may occur as the result of one or more of the 
same mechanisms and hoarseness, dysphagia 
or hiccup may result from pressure on the 
esophagus or on the vagus or phrenic nerves. 

3. General symptoms. Such symptoms as 
fever, malaise and anorexia may be the result 
of the pericardial inflammation or of the 
systemic disease with which the pericarditis 
is associated. 


Physical Signs 


A friction rub, heard by auscultation and 
occasionally felt by palpation, may be the 
only physical sign of fibrinous pericarditis. If 
pericardial fluid completely separates the 
parietal and visceral pericardium the rub 
disappears; however adhesions may prevent 
complete separation so that the sound is 
frequently audible in the presence of large 
effusions. 

A pericardial friction must be differentiated 
from a pleuropericardial rub, from a xiphosternal 
crunch and from mediastinal emphysema. Harsh 
murmurs occasionally simulate a pericardial 
rub. A superficial to-and-fro friction sound 
may be heard at the base of the heart in 
acute cor pulmonale due to impingement of 
the bulging pulmonary artery and infundibulum 
on the pericardium and overlying sternum. 

With the development of pericardial effusion 
the heart sounds may become distant and the 
apical impulse diminishes or disappears. 
Palpation of the apical impulse well inside the 
border of cardiac dullness is of considerable 
diagnostic importance in differentiation of 
effusion from cardiac dilatation. Compression 
of the base of the left lung by the pericardial 
effusion may produce dullness and bronchial 
breathing in an area below the angle of the 
left scapula (Ewart’s sign). 


The development of signs of cardiac com- 
pression or tamponade depends both upon th: 
size of the effusion and the rapidity with whic! 
it develops. If the fluid forms sufficientl 
slowly, the parietal pericardium may stretc] 
to accommodate a liter or more before com 
pression interferes significantly with cardia 
dynamics; an effusion of only 150 to 250 ec 
may produce tamponade if it develops rapidly 
With the development of tamponade an in 
crease in venous pressure occurs with dis 
tension of the neck and hand veins and en 
gorgement of the liver. Inspiratory swelling 
of the neck veins may be noted since the in 
creased flow of blood into the thorax witl 
inspiration cannot be accommodated in_ the 
compressed right auricle. 

The systolic blood pressure falls during 
tamponade and the clinical manifestations oi 
shock may supervene. Characteristically there 
is a greater diminution in pulse volume during 
normal inspiration. This may be detected by 
palpation or may require the use of the sphygo- 
manometer. The blood pressure may fall 
through a range of a few millimeters of mercury 
normally with inspiration, but a fall greater 
than 8 to 10 mm. is abnormal and has been 
referred to as pulsus paradoxus. 

Pulsusaradoxus, an unfortunate misnomer, 
is an accentuation of a normal mechanism 
which may be outlined as follows. The return 
of blood to the right side of the heart is in- 
creased during inspiration both as the result 
of increased negativity of intrathoracic pres- 
sure and increased positivity of intra-abdominal 
pressure. The result is increased right ventricu- 
lar stroke volume during inspiration. The 
increased inspiratory capacity of the pul- 
monary vascular bed is almost completely 
compensated by this increased right ventricu- 
lar output. Therefore, the volume of blood 
returning to the left side of the heart is only 
slightly diminished during inspiration and the 
left ventricular stroke volume is consequently 
only slightly diminished. During expiration 
the right ventricular stroke volume is definitely 
decreased and the left ventricular stroke 
volume slightly increased as a result of a 
reversal of the mechanisms just described.’ 

Recently Burwell and his associates” have 
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made simultaneous measurements of pressures 
in the femoral artery, femoral vein, pulmonary 
artery, pulmonary vein, right auricle, and 
pericardium during the experimental produc- 
tion of acute cardiac tamponade in dogs. They 
demonstrated that all intravascular pressures 
approached the same level of approximately 
20 mm.Hg at which point circulation ceased. 
They found that femoral venous pressures 
were higher than right auricular pressures but 
that this veno-auricular pressure gradient 
gradually decreased throughout the experi- 
ment until the two pressures became equal at 
maximal tamponade. Pulmonary venous pres- 
sure likewise progressively increased and 
presumably there would be a _ diminishing 
gradient between pulmonary venous and left 
auricular pressure (not measured), which 
would become zero when circulation ceased. 
Many years ago Katz and Gauchat’® suggested 
that, when cardiac tamponade was present, 
the variations in pressure in the distended 
pericardial sac and in the auricles are less 
during respiration than the variations in 
pressure in the extrapericardial intrathoracic 
veins. This leads to a relative diminution of 
inflow into both auricles during inspiration. 
Thus the right ventricular stroke volume is 
enhanced to a lesser degree by increased 
venous return during inspiration than it is 
normally. The left ventricular stroke volume 
is diminished to a greater extent than it is 
normally during inspiration both because of 
the greater diminution of the pulmonary 
venous-left auricular pressure gradient and 
also because the increased inspiratory capacity 
of the pulmonary vascular bed is less com- 
pletely compensated by right ventricular 
output. 

Recently British workers have given an 
alternate explanation for the mechanism of 
pulsus paradoxus.”? Normally the inspiratory 
drop in intrathoracic pressure is equally 
applied to the left ventricle and to the pul- 
monary veins. Therefore, left ventricular 
filling pressure remains approximately con- 
stant during respiration and no material 
change in stroke volume results. Normally 
the right ventricular filling pressure increases 
because the systemic veins are largely extra- 


thoracic. This increases the stroke volume of 
the right ventricle during inspiration, but 
does not normally influence the filling of the 
left ventricle. When the pericardium is dis- 
tended, the increased inspiratory filling of the 
right ventricle increases the intrapericardial 
pressure, hindering filling of the left ventricle. 
Consequently decreased left ventricular stroke 
volume occurs in inspiration. 


Roentgen Findings 


Small effusions may produce no roentgeno- 
graphic change or may merely straighten the 
cardiac waistline. The cardiac silhouette may 
not enlarge significantly until 300 cc. or more 
of fluid accumulates. With increasing effusion 
the normal chamber contours disappear. 
With large effusions the pericardial shadow 
may assume a pear-shaped appearance. The 
pulmonary vascular markings are not in- 
creased, a sign of considerable diagnostic 
value. 

Fluoroscopically the cardiac pulsations are 
usually decreased or even completely absent, 
but this is not a constant finding. Pulsations 
of the aortic knob sometimes remain normal, 
since this structure lies outside the pericardial 
sac. Roentgenkymography or electrokymog- 
raphy may be utilized to demonstrate these 
objective changes in pulsations. 

Although pericardial effusion sometimes 
causes the base of the cardiac silhouette to 
widen when the patient is changed from the 
upright to the recumbent or Trendelenburg 
position, this sign may not be particularly 
helpful in differential diagnosis since the 
flabby heart of cardiac dilatation may produce 
the same finding. Pericardial effusion is best 
differentiated from cardiac enlargement by 
(1) striking changes in the heart size in a 
relatively short period of time, particularly 
if the lung fields remain clear (fig. 1), and by 
(2) marked impairment or complete absence 
of pulsations in the presence of normal lung 
fields. The pulsations of an enlarged heart are 
seldom diminished unless cardiac failure de- 
velops; the lung fields will then almost in- 
variably become congested. In doubtful cases 
angiocardiography may be utilized to demon- 
strate the presence or absence of a fluid-filled 
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Fig. 1. Serial roentgenographic findings in a case of acute nonspecific pericarditis. (A) Teleo- 


roentgenogram of chest on Aug. 11, 1949. Heart size normal (transverse diameter 13.5 cm.) 


. @) 


Aug. 17, 1949. Considerable enlargement of cardiopericardial shadow (transverse diameter 17 em.). 
(C) Aug. 24, 1949. Heart size again normal (transverse diameter 13.5 em.). 
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Electrocardiographic Findings 


Pericarditis may be manifested electro- 
cardiographically in two ways: (1) S-T and 
T-wave changes resulting from subepicardial 
myocarditis.** (2) Diminution in voltage. 

Figure 2 illustrates typical electrocardio- 
graphic changes in pericarditis. In the acute 
stage the characteristic finding is S-T eleva- 
tion in several or all leads. In rare instances the 
elevation may be confined to one standard 
lead or to one precordial lead. Unlike myo- 
vardial infarction, pericarditis does not pro- 
duce reciprocal S-T depression. The degree 
of elevation is variable; it has been stated® 
that 0.5 mm. may be significant in standard 
leads if serial tracings are taken. At onset the 
S-T segments are frequently concave upward 
in contrast to the convex or cove plane S-T 
segments of myocardial infarction.*'° The 
T waves are usually tall and peaked at this 
time’ but may be dome-shaped.’:"' The S-T 
segments may then become horizontal and, 
usually in a few days, more rarely in a few 
weeks, return to the baseline. The T waves 
become flattened or inverted and remain so 
for a variable period of time depending on the 
course of the pericardial inflammation. The 
inverted T waves are usually seen in all three 


standard leads, leads I and II or leads II and 
III and in the majority or all of the precordial 
leads. After inversion of the T waves, the S-T 
segment may be curved convexly upward, 
resembling the classic cove-plane T wave seen 
in myocardial infarction.*: '* However, it has 
been reported that, in contradistinction to 
myocardial infarction, T-wave negativity sel- 
dom appears until the S-T segment has re- 
turned to the baseline." 

The amplitude of the electrocardiographic 
complexes is frequently diminished by _peri- 
cardial effusion. The presence of effusion in 
the pericardial sac influences neither the speed 
with which the electrocardiographic abnormali- 
ties become apparent nor the duration of time 
which they persist.!° Diminution in amplitude 
cannot be correlated well with the size of 
tuberculous pericardial effusions, the effect. of 
pericardial aspiration on electrocardiographic 
potential being variable." 


PERICARDIAL PARACENTESIS 

The indications for pericardial aspiration 
are (1) the relief of cardiac tamponade and 
(2) the collection of fluid for diagnostic pur- 
poses. 

The sites most commonly suggested for 
aspiration are the apical, the subxiphoid, the 
fourth intercostal space in the right or left 
parasternal line and the posterior thoracic ap- 
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proach in the midscapular line. The sites of 
election preferred by 21 leading cardiologists 
have been tabulated." The apical approach 
was favored by nine, the subxiphoid by eight, 
the right parasternal and the left parasternal 
by two each. The posterior approach is used 
only if a large effusion produced signs of pulmo- 
nary compression posteriorly and fluid cannot 
be obtained easily from one of the other sites. 
The apical approach should not be used if 
there is left pulmonary or pleural disease. If 
infected pericardial fluid is suspected, aspira- 
tion at the apical site may result in pulmonary 
or pleural contamination; the heart is not 
covered by lung at the subxiphoid site and 
with care the peritoneal cavity can be avoided. 
Techniques for performing pericardial para- 
centesis have been described elsewhere." 


AcuTE NONSPECIFIC PERICARDITIS 

Acute nonspecific pericarditis, which may 
be defined as a serofibrinous pericarditis of 
unknown etiology, is a clinical condition which 
has been recognized with increasing frequency 
during recent years. The term nonspecific is 
perhaps the most commonly used designa- 
tion,'* but there are numerous synonyms 
such as idiopathic pericarditis,” ** acute be- 
nign pericarditis,” acute serofibrinous peri- 
carditis of undetermined cause?® acute peri- 
carditis,?**' acute pericarditis of benign type,® 
acute primary pericarditis,” fugitive peri- 
carditis® and epidemic pericarditis.** Titles 
have frequently called attention to the simula- 
tion of myocardial infarction’: * ™: %-3* or to 
the association of the process with preceding 
or accompanying respiratory infection.“ 

As pointed out by Christian* and others,*° 
the syndrome was recognized as early as 1854,” 
but in many modern textbooks it is mentioned 
only briefly or not at all. However, beginning 
with the paper of Barnes and Burchell’ in 1942, 
the numerous case reports cited above have 
appeared. 


Clinical Features 


Age. One hundred twenty-six cases have been 
selected from reports”: 8, 11, 16, 17, 20, 26, 28, 31, 32 
dealing with unselected civilian populations. 
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Fig. 2. Serial electrocardiographic 
case of acute nonspecific pericarditis. 
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The average age of this group is 35 years. Al- 
though this mean age is undoubtedly lower 
than that of any comparable group of cases 
of myocardial infarction, there is considerable 
overlap as indicated by the fact that 9 of the 
above 10 reports included patients in the sixth 
decade, and in three series’: "': 2° several pa- 
tients were over 60. The disease has been re- 
ported in infancy.** 

Sex. Ninety-six of the 126 civilian cases were 
males, an incidence of 76 per cent, A pre- 
dominance of males is found in all reported 
series and the apparent relative frequency of 
the disease in military and veteran’s installa- 
tions®: 2!. 22, 25, 29, 36, 37, 39, 40, 2 further attests to 
the predominant sex incidence. 

Race. It is impossible to determine the rela- 
tive racial incidence of nonspecific pericarditis, 
since, in the papers reviewed, race is either not 
stated or the racial distribution of hospital 
admissions is not given. However, a sufficient 
number of cases have been reported in Negroes 
to indicate that this condition must be con- 
sidered in. the differential diagnosis of tuber- 
culous pericarditis, known to be prevalent in 
this racial group. 

Previous Respiratory Infection. Numerous re- 
ports?» 16. 18, 19, 20, 22, 28, 39, 41 have stressed the 
frequency of respiratory infection preceding 
the development of pericarditis. In four of the 
larger series®: 7: *°. 25 consisting of 109 patients, 
the incidence was 66 per cent. The average 
interval between infection and onset of peri- 
carditis was 12 days, but this interval ranged 
up to one or two months. The preceding respira- 
tory infection is most commonly described as 
a “cold” or “upper respiratory infection.” 
Preceding pulmonary infection has been less 
commonly noted. When pharyngitis is present 
preceding the pericarditis, there is no evidence 
in the literature that this is streptococcal in 
nature. 

Symptoms. The most prominent symptom 
is usually chest pain. This may have a sudden 
onset with almost immediate maximal severity 
or it may be intermittent for several days be- 
fore attaining maximal intensity. In 111 cases 
collected from the literature’: "8% an 
acute onset was present in 60 per cent. The 
complete absence of pain is rare but has been 


noted in isolated instances. The pain is charac 
teristically intensified by deep breathing 
coughing, swallowing or rotation of the trunk 
It may be localized in the precordial or sub 
sternal regions or may radiate widely over the 
thorax, to the interscapular region, to the neck, 
or to the epigastrium. It may extend into the 
shoulders or into the arms, occasionally radiat- 
ing into the fingers.?* The left arm is much more 
frequently involved than the right. The pain 
may last from a few minutes to several weeks. 
Extremely intense pain usually does not last 
for more than a few hours and gradually be- 
comes more moderate in a few days. 

The reported incidence of dyspnea is variable 
in the various series, but, as Wolff has pointed 
out," it is usually the rapid, shallow breathing 
associated with pain that interferes with re- 
spiratory movements. Rarely sufficient pulmo- 
nary congestion occurs to produce dyspnea. 
Orthopnea is relatively uncommon,”’ although 
pain may be less severe in the sitting position." 
Cough is also a variable symptom, but is promi- 
nent when there is an associated respiratory 
infection. 


Malaise is noted in the great majority of 
patients. Anorexia, nausea and vomiting are 
relatively infrequent. 


Physical Findings. Fever of some degree is 
almost invariably present. The highest daily 
temperatures frequently reach 102 F. and may 
range up to 105 F. In the minority of cases 
the temperature does not exceed 100 F. Fever 
on the first day of the illness is exceedingly 
common?* and it has been stated that it is 
usually maximal on the first day.'® The dura- 
tion of fever is quite variable,?* paralleling the 
course of the disease. 

The outstanding physical finding is a peri- 
cardial friction rub. Its reported incidence is 
70 per cent or higher in the larger series, and 
it has been postulated that this sign will in- 
variably be present if the patient is carefully 
observed during all phases of his illness.’ It 
is frequently present on the first day of the 
illness and may be noted within a few hours 
of the onset of chest pain." !® 7°. 28 Moreover, 
the friction rub is usually of greater intensity 
and is heard over a wider area than the rub 
which develops during the course of myo- 
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cardial infarction.” The mean duration of the 
rub was nine days in each of two series”: 78 
with total durations ranging up to 30 to 60 
days. The friction sound is usually less inter- 
mittent than that which develops in myo- 
cardial infarction. Instances of the patient 
being subjectively aware of the friction rub 
at the onset of the illness have been recorded. 

The heart sounds may or may not be distant; 
the absence of suppression of heart sounds in 
the presence of enlargement of the cardiac 
silhouette has been cited as evidence that the 
latter is caused by cardiac dilatation rather 
than by fluid.2° Gallop rhythm is rare but has 
been recorded.2® Disturbances of cardiac 
rhythm are infrequent. 

The development of shock is infrequent es- 
pecially when contrasted with its incidence in 
myocardial infarction. Signs of cardiac com- 
pression are somewhat more frequent, but 
only rarely is pericardial paracentesis required 
to combat tamponade. Although cardiac dilata- 
tion is thought to occur, manifestations of 
congestive failure are not common. Pulmonary 
findings, if present, are more often caused by 
an associated inflammatory process than by 
congestion. Pleural fluid occurs rather fre- 
quently?” °8; it is present on the left side or 
bilaterally, isolated right-sided effusion being 
rare. 


Laboratory Findings 


A polymorphonuclear leukocytosis with a 
white blood count exceeding 10,000 per cubic 
millimeter is found in the majority of cases 
but is not invariably present. Like fever it 
is usually present earlier than in myocardial 
infarction” and is likely to persist longer," 
the average duration being reported as three 
weeks.2*> The average peak white blood cell 
count in one series?® of 27 cases was 20,400 
with the highest count reaching 55,000. In other 
‘ase reports,® * 16 1%. 2, 25,31 the white blood 
cell count did not reach such high levels. 

The sedimentation rate is elevated in almost 
all cases”’: 2 and parallels the clinical course of 
the illness.2° Except for an earlier onset of ac- 
celerated sedimentation in nonspecific peri- 
carditis than in myocardial infarction,” the 
test has no diagnostic value. 


Blood, urine, throat and nasal cultures have 
shown no consistent findings.2° 28 Urinary 
albuminuria has been very rarely seen.”° Anti- 
streptolysin studies® ** have failed to show any 
definite relationship to the hemolytic strepto- 
coccus. Cold agglutinins were not found in 
those instances where the test was per- 
formed.*5 

Pericardial paracentesis has been performed 
infrequently in this disease. Pericardial fluid 
obtained from 15 patients®: 1% 17. 1. 28. 39 was 
hemorrhagic in nine cases and variously de- 
scribed as straw-colored, cloudy yellow and 
clear amber in the remaining. Information 
concerning the amount of fluid withdrawn is 
unfortunately scanty, but it has been given as 
10 to 100 cc. in three cases,?* 90 to 160 ce. in 
four cases,!* and 10 ce. in one case.'® Only a 
single report of multiple aspirations from the 
same patient was found; four taps yielded 80 
to 100 ce. on separate occasions.” 

Pleural aspiration has been performed in 11 
instances.!® 1% 28 In 10 cases the fluid was 
straw-colored. Four of these 10 cases also had 
pericardial aspirations which demonstrated 
nonhemorrhagic fluid. In the eleventh case 
both the pleural and pericardial fluids were 
hemorrhagic. 

Pericardial fluid has been studied bacterio- 
logically with smears, cultures and guinea pig 
inoculations in 13 instances.": !% 28: % Bae- 
teria have not been demonstrated. Pleural 
fluid studies have likewise yielded no etiological 
agent. Reports of virus studies have not been 
found. 


Pericardial fluid cytology has been variously 
and infrequently described but a lymphocytic 
reaction is often present.*° 


Roentgenographic Findings 


The cardiac silhouette is enlarged in 50 to 
80 per cent of cases.2° 7 A rapid change in 
size is frequently seen“; this is helpful in the 
differential diagnosis from myocardial in- 
farction. In general, clear lung fields in the 
presence of an enlarged cardiac silhouette 
favors the diagnosis of pericardial effusion.” 
However, this sign may be less useful in non- 
specific pericarditis since inflammatory changes 
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may be present in the lungs. As already noted, 
pleural effusion is common. 

The cause of the enlargement of the cardiac 
silhouette is not clear. Many believe that it 
is caused predominantly by cardiac dilatation 
rather than by effusion.®°: ** “* The usual lack 
of suppression of cardiac sounds, absence of 
signs of cardiac compression, and persistence 
of normal voltage in the electrocardiogram are 
cited”® as evidence against massive effusion. 
Perhaps the best evidence pointing to the pre- 
dominance of myocardial dilatation over peri- 
cardial effusion may be based upon the amounts 
of fluid removed by aspiration. As noted above 
this is usually in the range of 100 cc. Roesler 
has stated that pericardial effusion may not be 
demonstrable roentgenographically until ap- 
proximately 300 cc. accumulates.*® However, 
it has been pointed out that the usual absence 
of gallop rhythm and of congestive failure 
represents evidence against any marked degree 
of cardiac dilatation." 

Mild pneumonitis, usually basilar in distribu- 
tion, may be present. 


Electrocardiographic Findings 


As outlined in the introduction, the electro- 
cardiogram almost invariably shows changes 
in nonspecific pericarditis and is an invaluable 
diagnostic aid. The elevated S-T segments 
usually return to the baseline in a few days, 
occasionally in less than 24 hours.!° The eleva- 
tion was not observed after the twelfth day 
in a series of 50 patients.?° After approximately 
a week the T waves begin to invert and remain 
inverted from a few days to several months. 
The T-wave changes may fluctuate from day 
to day. The QRS complexes are ordinarily 
not affected, but in the presence of pericardial 
effusion, the amplitude may be decreased.® 
Q waves are not produced since the myocardial 
involvement is limited to the superficial epi- 
cardium. 

Prolongation of the P-R, QRS and Q-T in- 
tervals have not been reported. However, pre- 
mature contractions, auricular or ventricular, 
shifting pacemaker, and paroxysmal supra- 
ventricular tachycardia and auricular flutter 
have been occasionally observed in _ this 
disease.”: 11, 22, 25, 28 


Clinical Course and Prognosis 


The duration of the illness is extremely vari- 
able. In Levy’s series,?® the average duration 
was seven and one-half weeks with a range of 
two weeks to three months. 

The prognosis seems to be uniformly good. 
We have found only a single reported fatality.” 
This resulted from tamponade which developed 
while the patient was on full therapeutic doses 
of anticoagulants, given because of the er- 
roneous diagnosis of myocardial infarction. 
Necropsy revealed evidence of acute peri- 
carditis with old and recent hemorrhage into 
the tense, distended pericardial sac. 

Recurrent attacks develop, and the term 
“acute relapsing pericarditis” has been sug- 
gested.'® Recurrences developed in 20 of a com- 
bined group of 127 patients.'®: 18 2° 28. % Second 
attacks were suspected in other individuals 
but the evidence was not conclusive. Four re- 
currences were noted in each of two patients,”° 
and one patient had two recurrences, five weeks 
and three months after the first episode.?* In 
two patients recurrences occurred 8 and 10 
years respectively, after the initial attack.*® 
Of the four recurrences described by Levy,”* 
only one was preceded by an upper respiratory 
infection (maxillary sinusitis). A friction rub 
and electrocardiographic changes developed 
in all, bilateral pleural effusion was present in 
one, but pericardial effusion could not be 
demonstrated in any. Recurrences are generally 
of less severity and shorter duration than the 
initial illness.2° Burchell'® has emphasized the 
frequency of recurrent precordial pains which 
sometimes persist long after the convalescence 
is otherwise complete and Carmichael and 
co-workers” noted such symptoms in 10 of 
their 50 patients. 

A number of authors have described long 
term follow-up observations consisting of 14 
cases originally reported in 1942 and 29 addi- 
tional patients followed from one to five years," 
45 cases followed for more than two years” 
and 17 cases observed for more than two years.”® 
A significant number of these have been ex- 
amined 10 to 18 years after the initial attack. 
The development of the clinical picture of 
chronic constrictive pericarditis has not oc- 
curred, but in one case, reported in detail.” 
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roentgenographic studies four years after the 
initial episode demonstrated calcium surround- 
ing the apex of the heart and it was the im- 
pression of the fluoroscopist that the apical 
region pulsated with diminished amplitude. 

Rarely the electrocardiographic abnormali- 
ties persist.?° 46 


Differential Diagnosis 


The entities which most frequently simulate 
acute nonspecific pericarditis are acute myo- 
cardial infarction and other forms of peri- 
carditis. Differentiation from infarction is com- 
pletely outlined in several publications.’ * "+ ” 
The most important points are: (1) A pleuritic 
type of chest pain occurs in pericarditis. (2) 
The friction rub, fever and elevation of the 
white blood cell count and sedimentation rate 
develop earlier, frequently on the first day, in 
pericarditis. (3) The electrocardiogram shows 
significant differences as already described. 
(4) The cardiac silhouette often undergoes 
more rapid changes in size in pericarditis. (5) 
An antecedent respiratory infection occurs in 
a significant number of cases of pericarditis. 

Differentiation of nonspecific from tubercu- 
lous pericarditis is extremely important in view 
of the prompt and prolonged therapy indicated 
in the latter. Before the advent of modern 
treatment, the different clinical courses of the 
two diseases usually made the correct diagnosis 
apparent. Prompt administration of anti- 
bacterial agents, however, produces a rather 
rapid defervescence of the specific tuberculous 
process so that the clinical course of the two 
diseases may be practically identical. The rela- 
tive absence of precordial pain in tuberculous 
pericarditis has been cited as an important 
diagnostic point.” The presence of other mani- 
festations of tuberculosis is, of course, im- 
portant, but frequently the infection involves 
only the pericardium. Therefore, bacteriologic 
studies are essential in the differential diagnosis 
so that pericardial aspiration should be per- 
formed in most instances before embarking 
upon a prolonged period of treatment for 
tuberculous pericarditis. The value of the 
technic of pericardial biopsy” requires further 
study. 

Rheumatic pericarditis is usually easily dif- 


ferentiated from nonspecific pericarditis by 
the absent or minimal pericardial pain in the 
former, the presence of other manifestations 
of rheumatic fever or of pancarditis, the history 
of previous episodes of rheumatic fever, and 
the demonstration of a preceding streptococcal 
infection by means of antistreptolysin or anti- 
hyaluronidase tests. 

Pyogenic pericarditis produces purulent peri- 
cardial fluid and is usually secondary to other 
etiologically proven pulmonary disease; dif- 
ferential diagnosis is difficult only when the 
disease is modified by inadequate antibiotic 
therapy, instituted without previous bacterio- 
logic studies. 

Uremic pericarditis is easily differentiated, 
and the other forms of pericarditis described 
in this review will usually cause confusion 
only if they are not considered because of their 
rarity. 

Other causes of chest pain such as pulmonary 
infarction, acute pleurisy of various types, 
angina pectoris, spontaneous pneumothorax, 
mediastinal emphysema, diaphragmatic hernia, 
acute abdominal conditions and radicular pain 
resulting from spondylitis or other spinal lesions 
must sometimes be ruled out. 


Etiologic Considerations 


Carmichael and co-workers”? have sum- 
marized presently held hypotheses concerning 
the etiology of nonspecific pericarditis as viral, 
tuberculous, allergic and toxic. There is no 
evidence for the latter. The occurrence of acute 
nonspecific pericarditis following upper respira- 
tory infections strongly suggests the possibility 
of a hypersensitivity reaction.*® The absence 
of demonstrable bacteria, the benign course 
and the recently reported response to certain 
antibiotic agents suggest a viral etiology but 
the leukocytosis and the lag between the pre- 
ceding upper respiratory infection and the 
manifestations of the disease are points against 
such a cause. The recent case report of re- 
curring pericarditis, ultimately proved by cul- 
ture of biopsied pericardial tissue to be tubercu- 
lous, raises the possibility of a tuberculous 
etiology in occasional instances.” However, 
the infrequency of the development of overt 
tuberculosis following nonspecific pericarditis 
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strongly suggests that it is not the pericardial 
counterpart of idiopathic pleurisy with effusion 
since the latter is rather frequently complicated 
by a tuberculous pulmonary lesion. 


Treatment 


Although acute nonspecific pericarditis is 
a benign disease with respect to mortality, 
a therapeutic agent which could shorten the 
prolonged period of morbidity would be highly 
desirable. In recent years certain encouraging 
reports have appeared, but all must be evalu- 
ated in the light of the marked variability of 
the clinical picture. 

Sulforiamides and penicillin have not been 
beneficial.!®. °* Three cases improved while re- 
ceiving streptomycin, suggesting a therapeutic 
effect’® but streptomycin has been considered 
to be ineffective by others.” The administra- 
tion of aureomycin has been associated with 
rapid clinical improvement in five cases'’: 25: 26 
but was ineffective in three cases.!*: ?° When 
terramycin was given to one patient, rapid 
clinical improvement occurred.?* A recent re- 
port has indicated that none of the antibiotics 
are effective.*° 

To our knowledge only one patient has had 
a trial with steroids.** Adrenocorticotropic 
hormone was begun on the sixteenth day of 
illness after adequate trials of penicillin, chlor- 
amphenicol, Aureomycin and salicylates had 
produced no response. Twenty-four hours after 
starting corticotropin (ACTH) the temper- 
ature promptly fell, precordial pain diminished 
and the friction rub disappeared. This report 
should encourage further trial with steroids, 
but places an even greater responsibility on 
the attending physician to rule out tuberculous 
pericarditis where such therapy might be po- 
tentially harmful. 


TUBERCULOUS PERICARDITIS 

In 1952 Herrmann and co-workers® found 
tuberculosis responsible for 8.4 per cent of all 
types of pericarditis and in 1953 Reeves®*® noted 
an incidence of 7.3 per cent among acute forms 
of pericarditis. These figures compare rather 
closely with a 10 per cent incidence of tuber- 
culosis among all types of pericarditis reported 
in 1901."! 


The majority of the cases are seen in males, 
especially Negroes. In 16 cases seen on the 
Medical Service of the Cincinnati General 
Hospital since 1948 the age varied from 17 to 
71 years. While older patients are said to be 
particularly susceptible, all but six of these 
cases developed before the age of 40 years. 

Although tuberculous pericarditis is generally 
considered to be secondary to infection else- 
where in the body, it often appears as the domi- 
nant and sole manifestation of this disease. 
Such cases, often designated as “primary” 
pericardial tuberculosis, ultimately present 
signs of infection elsewhere in the body if sur- 
vival permits. Pericardial infection develops 
either from direct extension from caseous 
mediastinal or hilar lymph nodes, pleuritis or 
myocardial tuberculoma or by hematogenous 
dissemination from pulmonary, skeletal or 
urogenital lesions. Generalized miliary tuber- 
culosis may become manifest sometime after 
the appearance of isolated pericardial disease. 

The infection begins with fibrinous deposits 
on both pericardial layers and these increase 
to considerable thickness and roughness. A 
clear, gelatinous, serosanguineous or frankly 
bloody effusion forms in small to massive 
amounts and may fill the sac or remain locu- 
lated by adhesions. Caseation follows and the 
pericardial space may be obliterated in whole 
or part by a thick, tough membrane in which 
calcium deposits form as healing progresses. 
Miliary pericardial foci may be found without 
thickening of the membrane in the generalized, 
rapidly-fatal form of tuberculosis. Constrictive 
pericarditis is sometimes the sequel to healing. 
Although the etiology of chronic constrictive 
pericarditis cannot be ascertained at operation 
or autopsy in half the cases, White® concluded 
that tuberculosis is the most likely cause. 

The clinical picture and natural course of 
patients with tuberculous pericarditis are quite 
varied.**: ** The onset may not differ from that 
of other types of acute pericarditis; occasionally 
it may be followed by or lead to the recognition 
of tuberculous infection elsewhere. Less fre- 
quently it may herald generalized miliary 
spread. The pericardial infection may be fatal 
or may subside and heal without treatment, 
only to be followed by recurrence of tuber- 
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culosis in another serous membrane or other 
organ. Occasionally the onset is masked by 
pre-existing pulmonary or mediastinal symp- 
toms. In older patients with coronary arterio- 
sclerosis the pericardial infection may be 
obscured by the development of congestive 
heart failure. 

The onset of tuberculous pericarditis is 
ordinarily slow and insidious and may be 
masked by fever, weakness, weight loss and 
cough. Attention may be directed to the heart 
only when a large or rapidly accumulating effu- 
sion causes shortness of breath and edema or 
when precordial pain appears. The pain is often 
mild, occasionally absent or atypical, and 
rarely severe. Some patients tolerate large ef- 
fusions without symptoms of tamponade, since 
the accumulation may occur slowly. Fever of 
moderate degree is the rule, and, when com- 
bined with otherwise unexplained cardiac com- 
plaints, should raise the question of tubercu- 
lous pericarditis. 

A percardial friction rub is heard in the 
majority of cases and may persist for a few 
days to several weeks despite the presence of 
an effusion. Cardiac rhythm is usually regular 
but various arrhythmias, including auricular 
fibrillation, may occur. Although pleural effu- 
sions and ascites may result from circulatory 
failure, they are more often due to tuberculous 
infection of these serous membranes. 

Moderate anemia is occasionally found and 
the white blood cell count may be low, normal, 
or, occasionally, mildly elevated. The electro- 
cardiogram almost always presents evidences 
of pericarditis; the pattern of subacute or 
chronic pericarditis is most often found, even 
in the earliest tracings. The pericardial fluid 
may be clear or turbid but is usually grossly 
bloody. The white blood cell count of the peri- 
cardial fluid may reach 6,000 or 8,000 cells 
per cubic millimeter, the majority being lym- 
phocytes. Tubercle bacilli can be demonstrated 
either by direct smear, culture, or guinea pig 
inoculation in most of the cases. Pericardial 
biopsy has established the diagnosis when other 
methods failed in several reported cases and 
in one of our own patients. 

The mortality rate of untreated tuberculous 
pericarditis is high (83 per cent to 90 per 


cent)'*: 55. 56 and is influenced unfavorably by 
increasing age, demonstration of acid-fast 
bacilli in the pericardial fluid, Negro race, and 
extrapericardial tuberculous disease. Those who 
recover often develop pericardial constriction. 
Consequently, considerable interest is attached 
to recent reports indicating the value of strepto- 
mycin in reducing the mortality rate in this 
disease. While the total number of cases re- 
ported is still small, and the selection of cases 
for treatment and variation in the regimen of 
therapy renders comparison difficult, it would 
appear that the mortality has been significantly 
reduced with streptomycin therapy. It is im- 
possible as yet to assess the additive value of 
para-aminosalicylic acid (PAS) and isoniazid. 

Treatment schedules for active tuberculosis 
with antibacterial drugs have changed greatly 
in the past few years. The Veterans Adminis- 
tration formerly recommended 1.0 Gm. strepto- 
mycin intramuscularly and 12 Gm. para- 
aminosalicylic acid orally for a minimum of 
120 days. At present, phthisiologists prefer to 
give 1.0 Gm. streptomycin daily until the 
toxemia subsides, and then reduce the dose to 
1.0 Gm. twice weekly. The sodium salt of para- 
aminosalicylic acid (up to 12 Gm. daily) and/or 
isoniazid (150 to 350 mg. daily) is combined 
with this therapy. The length of time that 
treatment should be continued will depend 
upon many factors but should extend several 
months beyond the point where the lesion ap- 
pears stabilized. 

Death in the treated cases has been attrib- 
uted to circulatory failure from pericardial 
constriction, or to miliary or meningeal spread 
following cessation of therapy. 

RHEUMATIC PERICARDITIS 

Pericarditis, associated with active rheu- 
matic fever, is considered one of the commoner 
types of pericardial disease and frequently 
enters into the differential diagnosis of fibrinous 
pericarditis or pericarditis with effusion. In 
earlier reports its incidence was considered to 
be second only to that of pyogenic pericarditis, 
but, in recent surveys, *® wide variation in 
frequency is noted, probably due to geographic 
factors. 

Although clinical signs of pericarditis have 
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been reported in 7 per cent to 48 per cent of 
cases with acute rheumatic carditis, pathologi- 
cal evidence is present in practically every 
instance.” The lesions vary in their severity 
to such a degree that exudative reactions, ade- 
quate to produce clinical signs, do not always 
develop. Localized lesions are most frequent 
over the posterior wall of the left auricle. 
Generalized pericardial involvement is more 
often found in severe, protracted attacks of 
rheumatic fever, or in those with recurrent in- 
fections. Fibrin deposition is the essential 
lesion in the active phase of rheumatic fever; 
serous effusion, containing leukocytes, red 
cells, and shreds of fibrin, is variable. In pro- 
tracted infections the pericardial membranes 
may be considerably thickened and shaggy. 
Adhesion of the two layers with bands of vary- 
ing thickness or with complete obliteration of 
the sac follows healing. The pericardium may 
become adherent to contiguous structures 
(accretio cordis) by extension of the rheumatic 
infection into the mediastinum. Localized calci- 
fication may occasionally develop. Modern 
authors agree that the syndrome of chronic 
constrictive pericarditis does not follow healed 
rheumatic infection. 

The age incidence of pericarditis follows that 
of acute rheumatic fever, the majority of cases 
developing before the age of 40 years. As a 
rule, the patients are acutely ill and present 
signs of rheumatic infection in other serous 
membranes, particularly in the synovia of 
several joints, and in the myocardium and 
endocardium.** Myocardial involvement is 
always present with pericarditis and may lead 
to heart failure and arrhythmias. Clinical 
signs of endocardial involvement may not be 
evident early in the acute attack unless pre- 
vious rheumatic activity was present. How- 
ever, valvular deformity, rather than myo- 
cardial or pericardial scarring, is the only 
important residual which determines future 
cardiac disability. Consequently, rheumatic 
pericarditis is clinically significant only during 
the acute attack. 

Pericardial symptoms or signs may be an 
outstanding feature of active rheumatic carditis 
in patients who develop effusion or they may 
be only an incidental finding in those without 


effusion.*® Substernal or precordial pain or op- 
pression, often aggravated by respiration, is 
common but usually not severe. A pericardial 
rub is generally heard, even in the presence of 
small effusions, and tends to persist for several 
days or longer. Postmortem study® has indi- 
cated that the amount of the effusion rarely 
exceeds 300 cc. When cardiac enlargement, 
elevation of venous pressure and other signs of 
circulatory failure appear, myocardial failure 
is the usual cause rather than tamponade. 
Pleural effusion often develops and may be 
bilateral. Cardiac murmurs commonly appear 
during the course of the illness or may antedate 
the pericarditis and persist in the majority as 
recovery of the acute phase follows. 

Electrocardiographic abnormalities are com- 
mon but the changes typical of pericarditis are 
found in less than half of the cases, probably 
because of masking by myocardial disease or 
ventricular hypertrophy following valvular in- 
volvement. Elevation of the S-T segments in 
several leads is the usual finding and occasion- 
ally precedes clinical signs of pericarditis. The 
changes are often fleeting and may be missed 
unless electrocardiograms are repeated every 
few days. Low or diphasic T waves appear as 
the S-T segments return to the isoelectric line; 
definite inversion of the T waves in many leads 
is uncommon in this type of pericarditis. 

The treatment of rheumatic pericarditis 
follows that of acute rheumatic fever with 
carditis. Salicylates*' and adrenal steroids 
have been reported to diminish the amount of 
effusion and hasten the disappearance of the 
pericardial rub, but the variable course of the 
disease often invalidates such conclusions. As- 
piration for tamponade is rarely necessary, 
although Sutton® felt that paracentesis les- 
sened the respiratory embarrassment and pre- 
cordial discomfort. 


Uremic PERICARDITIS 

The pericardium, as well as the pleura and 
peritoneum, may be involved in uremia as- 
sociated with chronic renal disease. This form 
of pericarditis is recognized clinically during 
the terminal phase of uremia in about 10 per 
cent of cases, although pathological examina- 
tion may reveal involvement in a_ greater 
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number. Uremic pericarditis develops most 
often in the last weeks or months of life but 
remissions, healing, and recurrences have been 
described. 

The pericardium presents a fibrinous exudate 
with varying amounts of serous or hemorrhagic 
effusion. Organization and fibrous adhesions 
may be found in cases of longer duration. As 
a rule, no organisms can be cultured from the 
fluid, although pathogenic bacteria may be 
found occasionally as in other organs and 
tissues in uremia. 

The etiology of uremic pericarditis is un- 
known. Most authors favor chemical irritation 
since the effusion is usually sterile. Hyper- 
kalemia apparently plays no part in the patho- 
genesis of the pericardial lesion. Myocardial 
lesions have been described in uremia®™ but 
have not been found regularly in cases with 
pericarditis. 

The diagnosis is usually made first by the 
detection of a pericardial friction rub which 
may become extremely loud and leathery in 
character. The pericarditis is usually painless, 
although the stuporous condition of most 
patients may preclude recognition of this dis- 
comfort. Infrequently, a dull aching may be 
noted and rarely severe pain. Because effusion 
is absent or small, tamponade is uncommon. 

The electrocardiogram in uremic pericarditis 
often fails to reveal the typical changes seen 
in other types of pericarditis.“ Alterations in 
the ventricular complex may occur during de- 
velopment of this complication but these may 
be nonspecific or obscured by pre-existing pat- 
terns of ventricular hypertrophy, myocardial 
damage or hyperkalemia. 

Treatment of the pericarditis is usually un- 
recessary except in the unusual case present- 
ing considerable pain or effusion with tam- 
ponade. 


PERICARDITIS SECONDARY TO 
MyocarpbiaL INFARCTION 


Localized or extensive fibrinous pericarditis, 
infrequently associated with serous or bloody 
effusion, appears in those cases of myocardial 
infarction in which necrosis extends to the 
epicardial layer. Although the myocardial in- 
farct may be localized to the anterior, lateral 


or posterior wall of the heart, the pericardial 
reaction can be more widespread and even 
generalized.*° In such cases a pericardial fric- 
tion rub is most commonly heard, even though 
the infarction is posterior or basal. Massive 
serous effusion, producing tamponade and 
necessitating paracentesis, has been noted 
rarely.®*: As healing occurs, the visceral and 
parietal pericardium usually become adherent 
over the infarcted area. 

The pericardial friction rub heard after myo- 
cardial infarction is characteristically fleeting 
but may persist for several days when the 
pericarditis is extensive. Occasionally, early 
electrocardiograms may show widespread S-T 
segment elevations after myocardial infarction, 
rather than the more typical reciprocal de- 
pression in leads from opposing surfaces. This 
finding and a persistent, loud rub should alert 
the examiner to search for other signs of gener- 
alized pericarditis in myocardial infarction. 


PYOGENIC PERICARDITIS 


Invasion of the pericardial sac by pyogenic 
organisms produces an acute suppurative re- 
action and thick fibrinous exudate over the 
membranes analogous to empyema. While 
pyogenic pericarditis is uncommon due to 
modern chemotherapy, it remains important 
because of its high mortality when unrecog- 
nized. 

The pneumococcus, staphylococcus and 
streptococcus are the commonest etiologic 
factors and reach the pericardium by direct 
extension from the lung, pleura or mediastinum, 
by the blood stream, or through penetrating 
wounds. Purulent pericarditis has also oc- 
curred in meningococcemia, in tularemic in- 
fections and through perforation of subphrenic 
or liver abscesses through the diaphragm. The 
clinical disorders leading to pyogenic peri- 
carditis include pneumonia with or without 
empyema, osteomyelitis, acute endocarditis, 
stab wounds, puerperal sepsis, genitourinary 
infections, and septicemia originating in a 
wide variety of disease states. Most of our 
cases have followed extensive pneumococcal 
pneumonia with bacteremia in which early 
treatment was neglected. 

Recognition of pericarditis under these con- 
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ditions is usually difficult unless a friction rub 
can be heard or increase in size of the cardiac 
silhouette observed. The patients are acutely 
ill from the primary disease. Suspicious find- 
ings are dyspnoea which cannot be otherwise 
explained, cyanosis, increase in venous pres- 


sure or evidences of tamponade. Pericarditis 
should always be considered whenever any 
acute infection does not account adequately 
for continued signs of sepsis, particularly when 
bacteremia has been present. 

Electrocardiography has been very helpful 
in recognition of this complication since S-T 
segment and T-wave changes occur regularly 
and often before clinical signs of pericarditis 
are noted. Increases in size of the heart outline 
are also useful if earlier chest roentgenograms 
are available for comparison. Pericardial aspira- 
tion should always be performed if pericardial 
effusion is suspected. Stained smears will re- 
veal large numbers of polymorphonuclear 
leukocytes, red cells and occasionally bacteria. 
Culture of the fluid often discloses the offend- 
ing organisms. 

The prognosis of any disease becomes graver 
when complicated by pyogenic pericarditis 
but recovery may occur with vigorous and 
appropriate chemotherapy if the pericarditis 
is still in an early fibrinous or serous stage. 
When thick pus has formed, recovery is un- 
likely unless prompt surgical drainage is in- 
stituted. 

Treatment will depend upon the type of in- 
fection and duration of the disease. Very early 
cases may be managed with parenteral chemo- 
therapy and by aspiration and instillation of 
the appropriate antibiotic. More advanced in- 
fections should have open drainage in addi- 
tion to chemotherapy as soon as the diagnosis 
is made or when the medical regimen appears 
ineffectual. 


TRAUMATIC PERICARDITIS 


Penetrating and lacerating wounds of the 
thorax®* involving the heart are the common 
causes of traumatic pericarditis, although 
rarely severe contusion to the chest may pro- 
duce pericardial injury with hemorrhagic peri- 
carditis. Clinically traumatic pericarditis is 
suspected when pericardial friction rub is 


heard or acute tamponade develops after 
injury to the chest. lt is important in such 
cases to remember that, while the x-ray film: 
of the chest may reveal a heart apparently 
normal in size, fluoroscopy shows absent pulsa 
tions of the heart. This is due to the very rapic 
development of bloody effusion without suf 
ficient time for the pericardium to stretch 
In penetrating wounds of the heart. the moden 
treatment consists first of aspiration and, i 
tamponade recurs promptly, thoracotomy an 
suture of the cardiac wound. 


PERICARDITIS DUE TO NEOPLASM 
Primary Pericardial Tumors 


Primary tumors involving the pericardiun 
are extremely rare. The benign types includ: 
lipoma, fibroma, and angioma. Primary peri 
cardial mesothelioma, also known as endo 
thelioma, endothelial carcinoma or celothe 
lioma, is a malignant tumor which may 
metastasize or invade locally. Only 23 cases have 
been reported up until 1947.” Various forms 
of sarcoma may originate in the pericardium 
or may arise in the heart and invade the peri- 
cardium. Although sarcoma represents the 
only important primary malignant neoplasm 
of the heart, only 112 cases have been reported 
through 1950.7 


Metastatic Pericardial Tumors 


A recent report’ has emphasized the rela- 
tive frequency of tumors involving the peri- 
cardium. In a group of 500 patients dying of 
various forms of malignant disease, necropsies 
demonstrated cardiac invasion in slightly more 
than 20 per cent and pericardial involvement 
in 6 per cent. Lymphoma (including leukemia) 
and carcinoma accounted for the majority of 
metastatic pericardial tumors. Lung and breast 
were the most frequent primary sites of car- 
cinoma, but thyroid, pancreas, and a variety 
of other organ-systems were also implicated. 
Malignant melanoma frequently metastasized 
to the heart. Cardiac invasion by all forms of 
malignant tumors was usually accompanied by 
other widespread metastases at autopsy. 

Physical, radiologic or electrocardiographic 
signs of pericarditis suggest metastasis in any 
patient who has malignancy or has had pre- 
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vious surgical removal of a primary lesion. 
Occasionally, however, metastatic pericardial 
involvement may represent the only obvious 
manifestation of an underlying neoplasm. The 
pericardial fluid may be serofibrinous or hemor- 
rhagic, and tends to recur rapidly despite re- 
peated paracentesis. The diagnosis is best con- 
firmed by microscopic examination of suitably 
stained smears or pathologic sections of the 
sediment of pericardial fluid. Pericardial biopsy 
may be helpful in more obscure cases, especially 
when tuberculosis, representing a condition 
amenable to specific therapy, is a serious con- 
sideration in the differential diagnosis. A careful 
search should be made for a primary lesion as 
well as for lymph nodes accessible to biopsy. 

Roentgen therapy or various chemical agents 
may be temporarily helpful depending upon 
the nature of the malignant neoplasm. 


OTHER RARE Forms OF PERICARDITIS 


Pericarditis in Disseminated Lupus Erythem- 
atosus 


In the course of this disease the clinical 
diagnosis of acute pericarditis is rarely made, 


although at autopsy serofibrinous and adhesive 
pericarditis are commonly found. 


Pericarditis Associated with Infectious Mono- 
nucleosis 


A recent report, describing pericarditis as 
another manifestation of infectious mono- 
nucleosis, has stressed the importance of search- 
ing for the hematologic and serologic ab- 
normalities characteristic of this disease in all 
cases of pericarditis in which the etiology is 
obscure. That infectious mononucleosis could 
only infrequently be the cause of acute non- 
specific pericarditis is demonstrated by the 
polymorphonuclear leukocytosis usually found 
in the latter. 


Cholesterol Pericarditis 


An extremely rare type of pericarditis has 
been described by Alexander® in which the 
fluid within the pericardium contained a high 
concentration of cholesterol and resembled 
gold paint. 


Chylopericardium 


Chylopericardium due to an obstruction or 
injury of the thoracic duct has been described. 
In this condition milky pericardial effusion 
has been observed. It is important to differ- 
entiate this disorder from purulent pericarditis. 


Echinococcus Infections 


Cardiac involvement by hydatid cysts is 
rare. However Deve” reported 83 per cent of 
137 cases of cardiac echinococcus disease in 
which the primary infestation was localized to 
the heart. Rupture of a cyst from the heart 
and the pericardium may produce acute peri- 
carditis or effusion with its usual clinical find- 
ings. 


Fungus Infections 


The pericardium may be involved by exten- 
sion from actinomycosis of the lungs or medi- 
astinum. When this occurs the pericardial 
exudate is seropurulent or hemorrhagic. The 
diagnosis may be established by cultural means 
or by demonstrating the organisms of actino- 
mycosis in smears from the pericardial exudate. 
Treatment of actinomycosis with penicillin 
and sulfonamides and, more recently, with the 
broad spectrum antibiotics has been shown to 
be of value. 

Three cases of coccidioidal pericarditis have 
been reported recently.”1 The diagnosis may 
be suspected when there is an accompanying 
pneumonitis together with a positive cocci- 
dioidin skin test, but ultimately it depends 
upon the demonstration of positive cocci- 
dioidal complement fixation and _precipitin 
tests or recovery of the organism. There is no 
known treatment but spontaneous recovery 
may occur. 


SUMMARY 


Statistical studies of the frequency of the 
different etiologic types of acute pericarditis 
may be misleading because of an increasing 
recognition of nonspecific pericarditis. In our 
experience this form is the most common in 
private practice, while on the wards of a.general 
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hospital, tuberculous pericarditis is the most 
frequent variety. Despite improvements in 
diagnostic technics there still remains a sig- 
nificant number of patients with acute peri- 
carditis, the etiology of which cannot be 
categorized accurately. This latter group will 
be narrowed only after further clinical descrip- 
tion and laboratory study. 

The diagnosis of nonspecific pericarditis 
should be made carefully because of similarity 
of its onset to that of myocardial infarction 
and its benign course with tendency to relapse. 
Tuberculous pericarditis merits early recogni- 
tion because of the improved prognosis follow- 
ing prompt treatment. Rheumatic pericarditis 
is often a problem in children and adolescents 
and indicates serious cardiac involvement; in 
adults the clinical course is generally more 
benign. Pericarditis occurring in uremia and 
myocardial infarction is usually an incidental 
finding in the course of a more important 
disease. Pyogenic pericarditis is now a rare 
occurrence except in certain infectious states. 

The treatment of acute pericarditis has been 
considerably improved by the introduction of 


the antibiotic drugs. The judicious use of peri- 
cardial paracentesis may be life-saving in 
certain instances or it may yield diagnostic 
information from which effective therapy can 
be instituted. 
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Congestive Heart Failure of Unusual Cause 


Affecting a Young Woman; Sudden Death 


Arranged by SaAtvaTorE M. Sancertra, M.D., AND JEROME KLEINERMAN, M.D. 


HAIRMAN: Today’s case is a difficult 
one. Following presentation of the ab- 
stract, the case will be discussed by Dr. 

Roy W. Scott. 


Abstract of Case. A. S., a 28 year old nulliparous 
Negro housewife was admitted for the seventh 
time to the Medical Service of Cleveland City 
Hospital on March 29, 1949, with the complaint 
of severe, progressive dyspnea of three days’ du- 
ration. She died on the third hospital day. 

The patient was first hospitalized at age 14 
(1935) because of gonococcal urethritis and cervicitis. 
\t this time the heart was normal. During this 
hospitalization the patient developed transient pain 
and tenderness in the right temporomandibular 
joint. Concurrently a small ulcer and a condyloma 
appeared on the left labium minus near the anus. 
Dark field preparations were positive for Treponema 
pallidum, and the blood Wassermann reaction was 
negative. Healing of the lesions followed a series of 
14 intravenous injections of Mapharsen and a course 
of bismuth. She was readmitted for five days one 
month following discharge, because of pain and 
swelling of the right knee joint. These abated after 
symptomatic management. 

The third and fourth admissions were at age 24 
(1945), when she received 3,000,000 units of 
penicillin for recurrent gonococcal urethritis and 
cervicitis, as well as for positive blood and spinal 
fluid Wassermann reactions. 

In December of 1948, at age 27, she was hos- 
pitalized for the fifth time because of cough pro- 
ductive of mucoid sputum of six months’ duration, 
preceded by a sore throat. There had been night 
sweats, exertional dyspnea and paroxysms of 
nocturnal dyspnea for one month. During this 
period the patient noted transient, nondescript 
precordial pain which was never anginal in character. 
Nine days prior to admission there developed 
orthopnea and ankle edema. There had been no 
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weight loss, diarrhea, nervousness or heat  in- 
tolerance. This hospitalization lasted until discharge 
on Jan. 5, 1949. 

Physical Examination. The temperature was 
38 C., respiratory rate 24, blood pressure 130/90, 
and the vital capacity 1800 ce. (56 per cent of 
normal). The ocular fundi were normal. Examination 
of the heart revealed a diffuse apical impulse 
without increased activity. The left border of 
cardiac dullness was in the sixth intercostal space 
9.5 em. from the midsternal line, and the right 
border 1.5 em. from the right sternal border in the 
fourth intercostal space. The mechanism was sinus 
with a diastolic gallop rhythm. The heart sounds 
were of poor quality, the second pulmonic being 
louder than the second aortic sound. At the apex 
there was a moderately harsh, low pitched holo- 
systolic murmur, transmitted well into the axilla. A 
softer, higher pitched systolic murmur was localized 
to the second right parasternal area. There were no 
thrills and the area of upper retromanubrial dullness 
was not widened. All peripheral pulses were equally 
and bilaterally palpable and the vessels were soft 
and pliable. A pulsus alternans was felt in the 
radial artery. The jugular veins were distended 
(venous pressure: 230 mm. of saline). Moist rales 
were present at both bases, the liver edge was 
palpable and tender several centimeters below the 
right costal margin. There was slight pitting edema 
over both ankles. 

Laboratory Findings. The hemoglobin was 12 Gm., 
the red blood cell count 5,100,000, the white blood 
cell count 13,300 with 93 per cent polymorphonuclear 
leukocytes. The erythrocyte sedimentation rate was 
18 mm. in one hour (Wintrobe). Urinalysis was 
normal, except that the specific gravity of the urine 
was never greater than 1.024 even after 18 hours of 
fluid abstinence. The blood and spinal fluid Wasser- 
mann reactions were positive; there were 30 mg. of 
protein in the spinal fluid, with 10 mononuclear cells 
and a first zone gum mastic curve. Values for 
fasting blood sugar, blood urea nitrogen and serum 
proteins were normal. Cardiac fluoroscopy (following 
digitalization) revealed moderate generalized cardiac 
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enlargement. The circulation times determined with 
ether and Decholin were 17 and 37 seconds, re- 
spectively. The admission electrocardiogram was 
not abnormal. 

Hospital Course. Congestive failure was controlled 
promptly with digitalis, mercurial diuretics and a 
salt poor diet. No growth was obtained from 13 
blood cultures drawn during the first five hospital 
days. Hemolytic aureus and albus staphylococci 
were grown from two other cultures but were 
considered contaminants. Nevertheless, on the sixth 
hospital day the intramuscular administration of 
aqueous penicillin was begun, and continued for 21 
days for a total dosage of 9,600,000 units. Two 
carious teeth were removed during this time. The 
temperature, which varied between 37 and 38.5 C., 
though gradually defervescing, failed to return to 
normal by the end of hospitalization, although the 
white blood cell and differential counts did so. The 
heart rate varied between £0 and 110 beats. In 12 
random determinations, the blood pressure varied 
between 150 and 114 systolic, and 120 and 80 
diastolic. Serial electrocardiograms revealed gradual 
and progressive inversion of T wave in leads II 
and ITI, slurring of QRS in lead III, and reduction 
in voltage of R in the left precordial leads. The 
patient was discharged to the out-clinic on the 
thirty-second hospital day. 

Two weeks later the patient was re-admitted for 
the sixth time because of chills, fever and dull pain 
in both lower hemithoraces with flank radiation of 
three days’ duration. Escherichia coli was cultured 
from two catheterized specimens of urine, and one 
blood culture was negative. At this time there was 
no clinical evidence of heart failure, although a 
six-foot roentgenogram of the chest revealed that 
the heart was still slightly enlarged. The rhythm was 
sinus without gallop. The heart sounds were of fair 
quality and no murmurs were heard. The urinary 
tract infection responded to sulfadiazine administra- 
tion, and the patient was discharged after two weeks. 


Final Admission 


The patient was again admitted on March 29, 
1949. Three weeks before this terminal hospitaliza- 
tion the patient noted the onset of warmth and 
tenderness in the left calf, and three days before 
admission she became suddenly and progressively 
more dyspneic. There was no chest pain or 
hemoptysis. 

Physical Examination. The temperature was 39 C, 
the blood pressure was 140/110, the heart rate was 
140, and the respiratory rate /O per minute. The 
patient was dyspneic, orthopneic, apprehensive and 
restless. The pupils were round, regular, equal and 
responded to light and in accommodation. There 
were grade 1 changes in the arterioles of the fundi. 
The jugular veins were markedly distended with 
the patient in the upright position. The hemi- 
thoraces were symmetric and the respiratory 


movements rapid and shallow. A few fine rales wee 
heard at the left base; the breath sounds wee 
slightly depressed at the right base. There was sn 
increase in palpable activity over both ventricles. 
The point of maximal impulse encroached upon tl e 
sixth intercostal space in the anterior axillary lin... 
The second pulmonic sound was now much loud: r 
than the second aortic sound, and was reduplicate. . 
There was a sinus mechanism and a diastolic gallc ) 
rhythm was present. A loud, harsh systolie murmi » 
was present at the apex and was well transmitte | 
to the axilla. The liver edge was not felt, but the: 
was tenderness over the right upper abdomin: | 
quadrant. There was increased warmth of the le 
calf, which was swollen and tender, and Homan : 
sign was present. There was also tenderness over tl 
posterior aspect of the right leg and thigh. 

Laboratory Data. The urine had a specific gravit 
of 1.014 with 4 plus albuminuria, but was otherwis.: 
negative. The hemoglobin was 13 Gm., red bloo: 
cell count 4,500,000, white blood count 11,500 wit 
72 per cent polymorphonuclear leukocytes, 17 pe 
cent lymphocytes, 10 per cent monocytes and 
eosinophil. The blood urea nitrogen was 13.0 mg. 
per 100 cc., and the fasting blood sugar 125 mg. per 
100 cc. An electrocardiogram revealed low voltage 
T waves in lead I, inverted T waves in leads II, 
III, CF,, CF; and CFs, small Q waves in lead IT] 
and elevated S-T segments in leads III and CF,, 
and depressed S-T segments in leads I and II. 

Hospital Course. The patient was given oxygen b) 
nasal catheter, aqueous penicillin, and heparin and 
Dicumarol. Thirty six hours later the blood pressure 
suddenly dropped and the patient died shortly in 
spite of all therapeutic efforts. 


Dr. Roy W. Scorr: It is apparent from 
reading this protocol that the pathologist 
has selected an unusually interesting case. | 
shall give a synopsis of what I consider to be 
the pertinent features. The first several admis- 
sions deal with something of a_ venereal 
odyssey. At the tender age of 14 this patient 
had both gonorrhea and syphilis. Ten years 
later she had some more difficulty with these 
same diseases and at this time it was found 
that her blood and spinal fluid Wassermann 
reactions were strongly positive. The role 
that syphilis may have played will be dis- 
cussed later. 

One month after her release in 1935 pain 
and tenderness appeared in the right knee. I 
don’t believe this was gonorrheal arthritis, 
since it responded rapidly to symptomatic 
therapy. It certainly does not sound like 
rheumatic arthritis, because rheumatic fever, 
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1s far as the joints are concerned, is usually a 
‘nigratory and not a monoarticular arthritis. 

In December of 1948, about four months 
efore her death at the age of 27, she was 
gain hospitalized. From there on, until the 
erminal episode, we have a very classic 
jicture of congestive failure, both subjectively 
ind objectively. She had paroxysmal nocturnal 
dyspnea, effort dyspnea and orthopnea, and 
mn examination there was a gallop rhythm and 
, pulsus alternans, both grave signs of myo- 
‘ardial distress, whatever the cause. There 
vas an apical systolic murmur, transmitted to 
he axilla, which was still present at the end of 
ner hospital stay, but which was not heard 
on the next to the last admission, so I assume 
‘hat the murmur was due to ring dilatation 
rather than organic mitral valvular distortion. 
‘There was obvious congestive failure. 

Now, the rather remarkable thing, to me, is 
that with treatment for about a month, she 
apparently cleared sufficiently so that the 
Staff felt justified in discharging her. 

In the next admission she had what ap- 
peared to have been an acute infection of her 
kidneys. She had fever, leukocytosis and 
responded to sulfadiazine. At the time of this 
admission, you will note that the rhythm was 
regular, and neither a gallop nor a murmur 
was heard, so that the cardiac murmurs she 
had at the time she was decompensated com- 
pletely cleared. 

The terminal episode, three days before 
death, I feel reasonably certain was due to 
pulmonary embolization, since we have a 
clear clinical picture, including the electro- 
cardiographic deformities characteristic of 
acute cor pulmonale, seen in patients with 
massive pulmonary emboli. 

To return now to the most difficult part in 
this protocol, namely, the cause of the bout of 
congestive failure some three months before 
death. You recall that with treatment the 
congestion cleared, the gallop rhythm and 
julsus alternans disappeared, no murmurs 
vere heard, and the heart size returned to 
1ear normal. The commonest cause of heart 
‘ailure in patients below the age of 30, namely, 
rheumatic heart disease, merits consideration, 
but one finds little here to support such a 


diagnosis. There was no clear evidence of valve 
disease, and the course pursued by the patient 
was not that of an overwhelming rheumatic 
myocarditis. The presence of gallop rhythm, 
pulsus alternans, and cardiac dilatation point 
to a damaged myocardium. One might postu- 
late that the penicillin administered in 1945 for 
syphilis might have arrested a subacute bac- 
terial endocarditis. The possibility always 
exists that, though not heard on the next to 
the last admission, the mitral murmur may 
have been organic. The 1948 attack of con- 
gestive failure may have resulted from focal 
damage to the myocardium frequently found 
in arrested cases of subacute bacterial endo- 
carditis dying of heart failure. However there 
was no Clinical evidence of a malformed heart 
or of a scarred endocardium, so that this 
possibility seems unlikely. 

Another rare disease of undetermined 
etiology affecting the myocardium and sparing 
the endocardium and pericardium, interstitial 
or Fiedler’s myocarditis, must be mentioned. 
In the few cases reported, fever has been per- 
sistent, and, once congestive failure appears, 
death ensues in spite of treatment. Therefore, 
I doubt that this is a case of Fiedler’s myo- 
carditis. 

Since this patient was known to have had 
syphilis for some years before death, and since 
the aorta is so often involved in late syphilis, 
may we be dealing with extensive fibrotic 
lesions in the myocardium, secondary to coro- 
nary ostial occlusion? Marked narrowing or 
complete occlusion of the ostia from syphilis 
often causes anginal symptoms and the pa- 
tients die suddenly without the picture of 
congestive failure. 

So in conclusion, it is my opinion that we 
deal here primarily with myocardial disease 
secondary to coronary disease, as rare as this 
is in young Negro females. In this conclusion, 
I may be unduly prejudiced by a case we 
observed here some years ago. A Negro female, 
aged 20, was admitted in frank congestive 
failure of one month’s duration. There was no 
history of rheumatic fever and the blood 
Wassermann reaction was negative. X-ray 
study showed the heart to be definitely en- 
larged, particularly in the region of the left 
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ventricle, and a gallop rhythm and _pulsus 
alternans were present. Except for a grade 3 
apical systolic murmur, the heart sounds were 
not remarkable. With treatment, compensa- 
tion was restored, the systolic murmur, gallop 
rhythm and pulsus alternans disappeared. 
The patient was discharged without any 
etiologic diagnosis having been established. 
Two months later, she was readmitted again 
in congestive failure. The heart shadow was 
slightly larger, a gallop rhythm and pulsus 
alternans were present as well as the apical 
systolic murmur. Two months later, in spite 
of having previously responded to treatment, 
she failed to do so and succumbed. 

Death was due to myocardial failure, but 
no etiologic diagnosis was made. At post- 
mortem examination, there was found ex- 
tensive proliferative endarteritis of the coro- 
nary arteries, with definite necrosis and fibrosis 
of the myocardium. The clinical course pursued 


by this patient, although not identical with 
the one under consideration here, was simil:r 
in sO many respects, that I hazard a gue:s 
that the pathological findings may be simila.. 

CHAIRMAN: Thank you, Dr. Scott. Ca 
you help Dr. Scott with your x-ray observ: 
tions, Dr. Hauser? 

Dr. Harry Hauser: We will present tl 
pertinent films. A chest film taken in Mar 
1945, shows heart and aorta of normal cor - 
figuration, whereas a cardiac fluoroscopy dor 
on Dec. 8, 1948, shows a mild degree of cardia: 
enlargement. Another film taken in January 
of 1949 shows no change. A chest film was 
unfortunately not obtained during her termin: | 
hospitalization. 


Dr. Scott’s Diagnosis 


1. Organic heart disease, probably coronary 
sclerosis and fibrosis, with proliferative en- 
darteritis. 


Fic. 1. Right ventricle and interventricular septum with organizing mural thrombus in lower 
ventricular and apical region. 
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Fig. 2. Left atrium, portion of left ventricle and mitral valve showing thickening and fusion of 
valve leaflets and verrucous lesion on atrial surface of anterior surface of mitral leaflet (seen just 


above the 1 ecm. mark on the ruler). 


2. 


leg). 


Acute pulmonary infarctions (source: 


Clinical Diagnosis 


1. Shock, etiology undetermined, probably 
secondary to thrombophlebitis of left leg with 
pulmonary infarctions. 

2. Organic heart disease, etiology undeter- 
mined: (a) cardiac hypertrophy and dilata- 
tion; (b) RSR. 

3. Acute pyelonephritis, recent. 

4. Syphilis, tertiary, treated. 


Dr. JEROME KLEINERMAN: At autopsy, the 
pertinent findings were in the heart and lungs. 
The main left pulmonary artery and the 
branches to the middle and lower lobes of the 
right pulmonary artery contained thrombi 
which were adherent to the vessel walls. There 
were two possible points of origin for these 
emboli: one, a mural thrombus in the right 
ventricle, and the other, phlebothrombosis of 
the left popliteal vein. Examination of the 
pulmonary emboli suggested that they came 
from the left popliteal vein and their age was 


relatively recent, unlike the more mature, 
organized thrombus in the right ventricle. 
The heart weighed 475 Gm. Figure 1 shows 
the right side of the heart. The tricuspid 
valve is normal in appearance, and in the 
lateral portion of the right ventricle, adjacent 
to the interventricular septum, and also in- 
volving its apical portion, there is an organizing 
mural thrombus. The myocardium underlying 
the mural thrombus is mottled brown and red 
and shows evidence of degeneration. Figure 2 
is a close-up view of the mitral valve. The 
mitral valve shows definite evidence of old, 
healed rheumatic involvement. There is 
thickening and fusion of the chordae tendineae 
and hypertrophy of the papillary muscles. 
There is also thickening of the free edge of the 
mitral valve and some fusion of the valve 
leaflets. However, the mitral ring itself meas- 
ured 10.5 cm. Of particular interest, is the 
small verrucous lesion which is present on the 
atrial surface of the anterior leaflet of the 
mitral valve. This has a granular and friable 
appearance, but microscopically it was com- 
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Fig. 3. Section of right ventricle with intramural branch of right coronary artery showing an 
organized, recanalized thrombus. In the upper portion of the field the organizing mural thrombus 


is present. The right ventricular wall shows destruction of muscle and replacement by fibrous 
tissue (Orcein stain for elastic tissue). 


pletely fibrotic and organized, with no evi- 
dence of fibrin or bacteria. Our interpretation 
of this lesion is that it represents a healed 
endocarditis, probably bacterial. The coronary 
arteries on gross examination were pliable 
and free of disease, and histologic sections of 
the main branches of the coronary arteries 
bear this out. However, on section of the myo- 
cardium in the right ventricular area adjacent 
to the mural thrombus and degenerating 
myocardium, a rather large, intramural coro- 
nary artery was completely occluded by an 
organized, recanalized thrombus. Figure 3 is 
an elastic stain which shows the remnants of 
the elastic fibers in the wall. The myocardial 
tissue around this vessel shows fibrosis and 
some collagen formation. There is still some 
evidence of inflammatory cells; however, they 


are mostly lymphocytes and plasma cells, and 
there are few acute elements left. A few pig- 
ment-filled macrophages are also present. 
Little evidence remains of any necrotic muscle 
cells. The mural thrombus is organizing. This 
was interpreted as a _ healing myocardial 
infarct. 

In trying to correlate the pathologic findings 
with the clinical picture, it is suggested that 
the sequence of events was as follows. This 
patient had a healed rheumatic mitral val- 
vulitis and developed bacterial endocarditis. 
This bacterial endocarditis healed, or at least 
did not proliferate. One or part of a vegetation 
became dislodged and was carried to a branch 
of the right coronary artery, that is, coronary 
embolization occurred. This belief is supported 
by the facts, first, that the coronary arteries 
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other than the occluded vessel, adjacent to the 
infarcted area, are normal, and second, that 
there is a good source for embolization, namely, 
the lesion on the mitral valve.! Hamann? indi- 
cated that the process of embolization to small 
branches of the coronary arteries in subacute 
bacterial endocarditis occurs frequently and 
is often multiple. These multiple small emboli 
may cause no acute symptoms. It is difficult 
to implicate this process as a cause of myo- 
cardial failure, since patients with subacute 
bacterial endocarditis usually die of other 
complications before myocardial failure occurs. 
The evidence here strongly points to healing 
bacterial endocarditis of the mitral valve, 
but since this is conjectural, a positive anatomic 
diagnosis was not made. 

Although the mitral valve is not the most 
frequent source of coronary embolus, at least 
three other cases are mentioned in the litera- 
ture. Cases reported by Virchow,? Welch‘ 
and MacCallum’ are all cited by Saphir® and 
accepted by him as verified cases of coronary 
embolization with vegetations of the mitral 
valve as the source. 

The immediate cause of death was the 
multiple pulmonary embolization. The most 
likely source of the emboli was the phlebo- 
thrombosis of the popliteal vein. 


Anatomic Diagnosis 


1. Recent pulmonary emboli, main left, and 
middle and lower branches of right pulmonary 
arteries. 


2. Myocardial infarction, healing, of right 
ventricle and interventricular septum with 
organizing mural thrombus. 

3. Organized, recanalized 
branch of right coronary artery. 

4. Healed rheumatic mitral valvulitis. 

5. Cardiac hypertrophy and dilatation (475 
Gm.). 

6. Phlebothrombosis, left popliteal vein. 

7. Chronic passive hyperemia of lungs and 
liver. 

8. Healing focal acute pyelonephritis, left. 


thrombus of 


Note: Since preparation of this case, Brun- 
son’ has reported nine cases of bacterial endo- 
carditis, in seven of which coronary emboli 
were demonstrated. In five cases, emboli were 
noted in the intramural branches of the coro- 
nary arteries in addition to those found grossly. 
In three of his cases, the mitral valve was the 
only possible source for embolization, and in 
three other cases, the mitral valve was in- 
volved in addition to other valves. 
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AVITAMINOSIS 


Manrique, J. I.: Vitamin B,. Deficiency of the Heart. 
Prensa méd. argent. 40: 877 (April), 1953. 
Twenty-eight patients with heart failure were 

treated with daily injections of 30 micrograms of 

vitamin B,,. No other medication was administered 
during the same period and the patients were kept 


on complete bed rest. Twenty patients showed a 
satisfactory response within 15 days with marked 
increase of diuresis and a remarkable decrease of 
cardiac size. The subjective symptoms also dis- 
appeared at the same time. 

Analysis of these cases revealed that patients 
which responded favorably to vitamin Biz were 
known to have lived on extremely poor diet for 
many years; twelve also had hypochromic anemia 
and intestinal parasites; eight had hypertension 
but no anemia. 

A control group of 10 cases was given no medica- 
tion and the patients were kept on complete bed 
rest. No improvement in the severity of the failure 
was detected in any of these control cases. 

The author concludes that vitamin B,. should be 
tried in any case of congestive heart failure where 
vitamin deficiency is suspected. However, further 
observation and animal experiments are recom- 
mended in order to prove the validity of this new 
clinical picture. 

LUISADA 


BLOOD COAGULATION 


Toohey, M.: Clinical Trial of Phenylindanedione as 
an Anticoagulant. Brit. M. J. 4811: 650 (March 
21), 1953. 

The effect of phenylindanedione was studied in 

68 patients, most of whom were suffering from coro- 


nary thrombosis or deep venous thrombosis. All but 
six subjects reached an adequate therapeutic pro 
thrombin level in 48 hours, the dosage given being 
200 mg. in the first 24 hours, followed by 100 mg. 
in the next 24 hours. The response passed off fairly 
rapidly, disappearing almost entirely within 24 
hours after the drug was stopped. No toxic effects 
were noted. 

It was found that once the maintenance dose was 
established, it could be continued for a prolonged 
period without any fluctuation in the prothrombin 
times. Therefore, it was only necessary to make 
such determinations twice or, at the most, three 
times a week. 

ABRAMSON 


Field, J. B., Ramsay, G. D., Attyah, A. M., and 
Starr, P.: The Effect in Man of a New Heparinoid, 
Treburon. J. Lab. & Clin. Med. 41: 208 (Feb.), 
1953. 

The search for new anticoagulants with heparin- 
like activity has recently resulted in the develop- 
ment of an active polyhexuronic acid ester derived 
from pectic acid to which the name Treburon has 
been given. The author here reports the control 
studies in which Treburon and heparin are compared. 

Treburon and heparin were administered to 200 
hospitalized patients. The sublingual administra- 
tion of both these agents produced only occasional 
prolongation of the clotting time of the blood. The 
inhalation of micronized Treburon powder was in- 
effective. 

On a weight basis, Treburon was one half to one 
third as effective as heparin when used intravenously. 
However, single large intramuscular injections of 
Treburon produced significant hypocoagulability in 
a more reproducible manner for 24-hour periods than 
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lid large doses of heparin. At levels of 250 mg. 
heparin was effective for about 16 hours, while 
Treburon was effective for about 24 hours. No local 
reactions at the site of injection occurred with 
Treburon, whereas hematoma and pain resulted 
from large doses of heparin. 

In patients with renal and liver disease, fairly 
uniform hypocoagulability resulted after a single 
dose of Treburon. However, a variable response, 
purpura without marked hypocoagulability and 
tendency to accumulation was observed after mul- 
tiple doses of Treburon in patients with reduced 
renal function. 

Treburon had no effect on prothrombin con- 
centrations. 

Mintz 


Griiner, A., Hilden, T., Raaschou, F., and Vogelius, 
H.: Heparin Treatment of Angina Pectoris. Am. 
J. Med. 14: 433 (April), 1953. 

Treatment of 27 patients suffering from angina 
pectoris with intravenous injections of heparin 
twice weekly did not produce an appreciable im- 
provement in their condition. Fifteen of 27 patients 
stated that they improved during the period of 
treatment; 9 of the 15 patients improved during the 
injection of a placebo whereas only 6 reported im- 
provement during treatment with heparin. Three 
patients died of acute myocardial infarction during 
the treatment with heparin. One patient developed 
myocardial infarction two weeks after the end of 
the last placebo period. Five patients suffered from 
intermittent claudication. Only one of these im- 
proved during treatment with heparin. 

Harris 


Rinzler, S. H., Travell, J., Bakst, H., Benjamin, Z. H., 
Rosenthal, R. L., Rosenfeld, S., and Hirsch, B. B.: 
Effect of Heparin in Effort Angina. Am. J. Med. 
14: 438 (April) 1953. 

The administration of intravenous heparin to 18 
patients with arteriosclerotic heart disease and ef- 
fort angina produced no greater effect than a place- 
bo in the control of effort angina. The double 
blindfold method was used. A comparison of the 
levels of serum lipoproteins of the S; 12-20 and §; 
20-100 classes showed no significant change in con- 
centration after six weeks of heparin or placebo ad- 
ministration, except for the S; 20-100 class in the 
placebo group which showed a significant fall (—36.1 
per cent). This fall could not be attributed to vari- 
ations in the weights of the patients while on placebo 
injections. 

Harris 


Allen, G. W., and Attuaj, A. M.: A Rational Ap- 
proach to the Problems of the Coagulation Time. 
J. Lab. & Clin. Med. 41: 767 (May), 1953. 
The purpose of this study was to consider, observe 

and control the factors which influence the determi- 

nation of the coagulation time, and to devise, if 
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possible, a practical method for determining the 
clotting time, one which measures sensitively and 
accurately those clinically significant degrees of 
hyper- and hypocoagulability. 

The method is a modification of the Lee and 
White method, and it is believed to be more ac- 
curate and more sensitive than the methods in 
current use. It is not overly complicated or time- 
consuming and is designed to standardize and, in- 
sofar as possible, minimize extraneous factors which 
influence the coagulation of venous blood. 

This method was tried in the study of normal 
subjects, hospitalized patients awaiting elective 
surgery and postoperative surgical patients. 

It was found that in normal subjects the average 
coagulation time by the proposed method was 26 
minutes with a range of 20 to 35 minutes. A statisti- 
cally significant decrease in the average coagulation 
time in hospitalized patients awaiting surgery was 
observed and a further drop was demonstrated on 
the first postoperative day. 

Due to the multiplicity of factors which affect 
intravascular clotting, no coagulation test can in- 
variably indicate predisposition to thrombosis or 
hemorrhage, but it is hoped that the proposed 
method will increase the probability of predicting 
such occurrences. 

MIntTz 


Braude, A. I., Davey, P., and Siemienski, J.: Pre- 
vention of Blood Coagulation by Antibiotics in 
vitro. Proc. Soc. Exper. Biol. & Med. 68: 160 
(May), 1953. 

Antibiotics probably do not affect blood coagula- 
tion in vivo. It is possible to demonstrate in vitro, 
however, that in suitable concentrations some anti- 
biotics are anticoagulants. 

Streptomycin, penicillin, Terramycin and Neo- 
mycin when examined in vitro were anticoagulants 
only when used in greater concentrations than can 
be attained in vivo. 

As an anticoagulant, Terramycin was at least 
eight times more effective than any of the other 
antibiotics. The anticoagulant activity of strepto- 
mycin and penicillin was reversed by excess amounts 
of calcium chloride. It was suggested, therefore, 
that penicillin and streptomycin prevented clotting 
by binding calcium. Calcium did not reverse the 
anticoagulant activity of Neomycin or Terramycin. 
The pH of blood containing anticoagulant concentra- 
tions from antibiotics ranged from 6.9 for Neomycin 
and 8.8 for Terramycin. There was no delay in 
clotting of bloods with pH ranging from 6.9 to 8.8 
in the absence of antibiotics. 

Mintz 

Tulloch, J. A., Overman, R. S., and Wright, I. S.: 
Failure of Ingestion of Cream to Affect Blood 
Coagulation. Am. J. Med. 14: 674 (June), 1953. 


The oral administration of cream does not alter 
the blood clotting time of humans. When one syringe 
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is reused for successive venepunctures, the blood 
clotting time is accelerated, irrespective of whether 
the subject has ingested cream, eaten breakfast, or 
is in the fasting state. The authors are able to demon- 
strate evidence of thrombin activity on the surface 
of reused glass syringes and condemn as inaccurate 
the practice of reusing a glass syringe for the de- 
termination of the blood clotting time without heat 
sterilization between each venepuncture. These 
findings raise doubts as to whether the ingestion of 
fat in the form of dairy products affects the incidence 
of thrombosing conditions by immediate direct ac- 
tion on the clotting mechanism of the blood. 
Harris 


Furman, R. H., Ball, C. O. T., Gale, R. G., Billings, 
F. T., and Meneely, G. R.: An Evaluation of Anti- 
coagulant Therapy in Myocardial Infarction Based 
on Prognostic Categories. Am. J. Med. 14: 681 
(June), 1953. 

Anticoagulants were beneficial in the treatment 
of the “poor risk” group of patients with myocardial 
infarctions, but failed to improve the mortality 
in the “‘very poor risk” category. The mortality in 
the “good risk” group was very small with or with- 
out anticoagulants. The authors evaluated the use 
of the anticoagulant drugs during one hundred 
episodes of acute myocardial infarction, using an 
earlier group of 211 patients as controls. Patients 
were sorted into the following prognostic categories 
according to the following criteria: (1) Very poor 
risks: (a) the attack was the patient’s first; shock 
and diabetes or shock and azotemia were present; 
(b) a previous attack had occurred; shock was 
present or congestive failure, diabetes and azotemia 
were present. (2) Poor risks: shock, congestive 
failure, diabetes or azotemia were present within 
the first week of admission. (3) Good risks: none 
of the concomitant manifestations in groups 1 and 
2 were present. 

The authors emphasize the need for further evalu- 
ation of anticoagulant therapy in myocardial in- 
farction within a framework of prognostic categories. 

Harris 


Levinsky, W. J., Shuman, C. R., Robbins, R., and 
Meszaros, J.: The Effect of Heparin on the Forma- 
tion of P**-Labeled Phospholipid. J. Lab. & Clin. 
Med. 41: 899 (June), 1953. 

Because of the ability of heparin to clear lipemic 
sera, in vivo, and to reverse the abnormal lipo- 
protein pattern demonstrated in atherosclerosis, it 
was important to determine whether or not these 
effects were accomplished by altering the rate of 
phospholipid synthesis. Use was made of the meas- 
urement of newly formed phospholipids following 
the administration of the radioactive P*?. It has 
been demonstrated that the liver is the primary site 
of phospholipid formation and utilization. The study 
was designed to observe the effects of heparin upon 


the rate of formation of phospholipid in contro! 
patients and in patients with coronary arterio 
sclerosis. 

Although heparin is capable or producing altera 
tions in the blood lipoprotein spectrum, it did no 
significantly alter the specific activity-versus-tiny 
curves of phospholipid in normal and coronary 
arteriosclerotic patients as measured by the radio 
active phosphorus tracer technique. Measuremen 
of the newly formed phospholipid in a group of con 
trol patients gave specific activity values whicl 
were similar over a 72 hour period to those obtainec 
in heparin treated patients. It is possible that the 
effects produced by heparin are of a physicochemica] 
nature, rather than an alteration in lipid metabolism 
or lipoprotein interconversion. However, it will be 
necessary to obtain additional data relating to the 
turnover rate of phospholipid, by studying the 
specific activity curve within the first 12 hours after 
the injection of Ps. 

MINtTz 


CONGENITAL ANOMALIES 


Bower, B. D., Gerrard, J. W., D’Abreu, A. L., and 
Parsons, C. G.: Two Cases of Congenital Mitral 
Stenosis Treated by Valvotomy. Arch. Dis. Child- 
hood 28: 91 (April), 1953. 

Two cases of congenital mitral stenosis, one with 
no other abnormality and the other with a coexistent 
patent ductus arteriosus, are described. The diagno- 
sis was confirmed at operation and, in one case, also 
at necropsy. Mitral valvotomy was -performed in 
both cases. Clinical diagnosis may be easy at times 
but difficult at others. Confirmation may be difficult. 
The selection of suitable cases is important since 
valvotomy should help the case with a good left 
ventricle but could not help the commoner case due 
to unequal division of the common atrio-ventricular 
canal. 

BERNSTEIN 


Rogowsky, M., Limbos, and Thys: Fetus with Two 
Heads and Two Hearts. Acta Cardiol. 8: 176 
(Fase. 2), 1953. 

A very uncommon type of congenital monstrosity 
from a hospital in the Belgian Congo is reported 
by the authors. A female child with 2 heads sitting 
on a common wide thorax and possessing 4 normal 
extremities, was born alive to a native mother. At 
birth, both heads were breathing and auscultation 
revealed the sounds of one beating heart. However, 
an electrocardiogram taken immediately after birth 
revealed two different types of ventricular com- 
plexes, one with a right and the other with a left 
axis shift, beating at different rates. 

One hour after birth, the left head stopped breath- 
ing and the electrocardiogram showed only one type 
of ventricular complex. Death ensued within a 
short time. The autopsy findings confirmed the 
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linical diagnosis. There were two hearts, com- 
jletely separated from each other; one had a rudi- 
nentary aorta supplying the right arm while the 
ther had a well developed aortic arch and descend- 
‘ng aorta, and supplied the rest of the body. There 
were four lungs, two stomachs, two pancreases, and 
two jejunums, but only one liver, one spleen, two 
kidneys, and one uterus. It is regrettable that the 
anatomo-pathologic study is incomplete. 

LUISADA 


Canada, W. J., Goodale, F. Jr., and Currens, J. H.: 
Defect of the Interatrial Septum, with Thrombosis 
of the Pulmonary Artery. Report of Three Cases. 
New England J. Med. 248: 309 (Feb. 19), 1953. 
Three cases of defect of the interatrial septum 

with massive pulmonary thrombosis are described. 

These patients were 43, 56 and 78 years of age at 

the time of death. In the discussion of some of the 

features of atrial septal defects it is mentioned that 
although the accentuation of the pulmonic second 
sound suggests pulmonary hypertension, this 
accentuation may also result from dilatation of the 
valve ring, such as that associated with syphilitic 
aortitis. Further, the apical diastolic murmur often 
heard in this condition need not result from mitral 
stenosis, but may be produced by relative tricuspid 
stenosis, resulting from dilatation of the right 
ventricle. Pulmonary hypertension in atrial septal 
defects may result from pulmonary arteriolar 
sclerosis, pulmonary embolism or pulmonary 
arterial thrombosis. Factors which tend to predis- 
pose to pulmonary thrombosis include athero- 
sclerosis and embolism, and an increased pul- 
monary blood volume with a decreased rate 
of blood flow. It is possible that when massive 
pulmonary artery thrombosis does occur in these 
patients, the presence of the interatrial septal defect 
prolongs life. An adequate collateral circulation 
may exist, because some of the back pressure from 
the obstructed pulmonary circuit can be directed 
through the defect and into the systemic circulation 
by collateral vessels such as the bronchial arteries. 
ROSENBAUM 


Blount, S. S., Jr., Komesu, S. and McCord, M. C.: 
Asymptomatic Isolated Valvular Pulmonary 
Stenosis. Diagnosis by Clinical Methods. New 
England J. Med. 248: 5 (Jan. 1), 1953. 

Six cases of isolated pulmonic stenosis were 
selected from a group of 21 patients with this 
disorder and observed by these authors to form 
the basis of this report. It is emphasized that this 
potentially serious disorder may appear as a mild 
and benign condition which can be correctly diag- 
nosed solely on clinical evidence in the majority of 
instances. There were no symptoms of cardiac 
dysfunction in any case, demonstrating the fact 
that in this anomaly there is a very wide range of 
symptoms from the mild to the severe and that 
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often there may be minimal symptoms until late 
in the natural course of the disease when rapid 
deterioration may occur. There was a harsh grating 
or rasping murmur over a wide area in each pa- 
tient, most intense in the first or second or in both 
the first and second left interspaces, ranging from 
grade III to VI in intensity and extending through- 
out systole. The pulmonic second sound was usually 
decreased in intensity and pure in quality. There 
appears to be no correlation between the degree of 
stenosis and the intensity of the murmur. The 
electrocardiogram may be within normal limits, 
but the disclosure of evidence of right ventricular 
hypertrophy, as is often the case in these patients, 
is of considerable help in distinguishing this condi- 
tion from a defect of the ventricular septum or 
aortic or subaortic stenosis. Large peaked P waves 
may be recorded in leads II and over the right 
precordium. It is said that electrocardiographic 
signs of right ventricular hypertrophy in a noncy- 
anotic patient with a normal exercise tolerance are 
strongly suggestive of isolated pulmonic stenosis. 

The important features disclosed by fluoroscopic 
study in isolated pulmonic stenosis include post- 
stenotic dilatation of the pulmonary artery and 
increased amplitude of pulsation of the main pul- 
monary-artery segment. The right and left pul- 
monary arteries have a normal or decreased ampli- 
tude of pulsation and the over-all vascularity of the 
lungs is normal or decreased toward the periphery. 
The heart may be enlarged or normal in size but 
shows a configuration suggestive of right ventricular 
hypertrophy. When cardiac catheterization is 
performed, caution is recommended when the 
catheter is passed through the pulmonic valve 
because the orifice may be just large enough to admit 
the catheter and blood flow to the lungs may thus 
be completely obstructed. Catheterization assists 
in evaluating the severity of the stenosis. These 
authors agree with Brock that when the right 
ventricular systolic pressure is elevated to 75 mm. 
Hg or above operation should be advised. Pressures 
at this level or higher are said to herald inevitable 
failure with an increasing operative risk as the 
heart enlarges. Anomalies which may be confused 
with this disorder include auricular and ventricular 
septal defects, aortic and subaortic stenosis and 
idiopathic dilatation of the pulmonary artery. 
Various clinical features usually make the correct 
differentiation possible. 

ROSENBAUM 


CONGESTIVE HEART FAILURE 


Duncan, L. E., Jr.: Treatment of Edema by Re- 
moval of Body Sodium by a Cation Exchange 
Resin. Am. J. Med. 14: 425 (April), 1953. 
Observations in four patients receiving a carboxylic 

cation exchange resin indicate that this resin, 

Amberlite XE-96, is an effective agent in the treat- 
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ment of edema and that it will remove body sodium in 
the feces of edematous patients receiving low sodium 
diets. As edema clears, progressively less sodium is re- 
moved by the resin. If renal function is adequate, 
clinically significant acidosis does not occur. In the 
presence of sufficiently severe renal disease marked 
acidosis may develop. If the resin ingested is partially 
in the potassium form and dietary intake is ade- 
quate, potassium depletion is unlikely to occur. 
Harris 


Greenman, L., Shaler, J. B., and Danowski, T. S.: 
Biochemical Disturbances and Clinical Symptoms 
During Prolonged Exchange Resin Therapy in 
Congestive Heart Failure. Am. J. Med. 14: 391 
(April), 1953. 

Twelve patients with congestive heart failure 
were treated with 30 to 60 Gm. per day of a car- 
boxylie cation exchanger, 80 per cent in the hydro- 
gen and 20 per cent in the potassium form, for 
intervals of up to 15 months in length. These resins 
provided a relatively safe supplement to the basic 
therapy for six months, after which hyponatremia, 
hypopotassemia, and hypocalcemia were frequently 
observed. The problem of hypocalcemia may prove 
to be a significant obstacle to longer, safe therapy 
with these materials. The exchangers did not permit 
significant liberalization of dietary sodium. An 
increase in the efficiency and specificity of the 
presently available exchange resins is necessary if 


they are to serve their uniquely favorable advantage 
of harmlessly liberalizing the intake of sodium in 
patients with edema. 


Harris 


McGinnis, A. E., Lanshe, W. E., and Glaser, R. J.: 
Observations on the Erythrocyte Sedimentation 
Rate in Congestive Heart Failure. Am. J. M. 
Se. 225: 599 (June), 1953. 

The erythrocyte sedimentation rate was deter- 
mined in 38 patients with acute congestive heart 
failure by the method of Wintrobe. Patients with 
rheumatic heart disease and other complications of 
cardiac disease were excluded because of the effect 
of these conditions upon the erythrocyte sedimenta- 
tion rate. The majority of the individuals studied 
were found to have elevated values not only during 
acute failure but also after recovery. In 13 patients 
with chronic heart failure the erythrocyte sedimenta- 
tion rate was found to be elevated except in those 
who succumbed to their disease. The cause of the 
elevation of the erythrocyte sedimentation rate in 
congestive heart failure is not clear and the possible 
factors involved are discussed. In the presence of 
heart failure, an elevated erythrocyte sedimentation 
rate cannot be considered as a reliable indication of 
the presence of infarction, infection, or thrombo- 
phlebitis. 

SHUMAN 


Singer, B., and Wener, J.: Excretion of Sodium- 
Retaining Substances in Patients with Congestive 
Heart Failure. Am. Heart J. 45: 795 (June), 
1953. 

A biologic assay procedure based on the urinary 
sodium* excretion of adrenalectomized rats was 
used to compare salt-retaining activity of urinary 
extracts in patients with congestive heart failure 
as compared to that in normal individuals. Sodium- 
retaining activity was found in the urine of patients 
with congestive failure and the quantities of this 
substance roughly paralleled the degree of conges 
tive failure present. 

RINZLER 


Wohl, M. G., Shuman, C. R., and Turner, R.: 
Effect of Mercurials on Thiamine Excretion in 
Patients with Congestive Heart Failure. Proc. 
Soc. Exper. Biol. & Med. 83: 323 (June), 1953. 
The study was undertaken to determine the 

effect of mercurials upon daily output of thiamine 

in the urine in patients under treatment for con- 
gestive heart failure. 

The results indicate that the levels of thiamine 
excretion following the administration of mercurial 
diuretics are significantly increased over the levels 
observed on the control days. Although the mecha- 
nism of mercurial-induced thiamine excretion is 
obscure at the present, it is not due to the increased 
diuresis. The most likely mechanism is the depres- 
sion of renal tubular reabsorption of thiamine. 

MIntTz 


Weston, R. E., Grossman, J., Borun, E. R., Guerin, 
H. A., Mark, H., Ullmann, T. D., Wolfman, M., 
and Leiter, L.: Metabolic Studies on the Effects 
of Ion Exchange Resins in Edematous Patients 
with Cardiac and Renal Disease. Am. J. Med. 
14: 404 (April), 1953. 

The effects of ion-exchange resins on the metabolic 
balances of sodium, chloride, potassium, nitrogen, 
and phosphorus were studied in 11 edematous 
patients with either renal or cardiac disease. The 
authors conclude that the administration of resins 
constitutes a valuable and safe addition to the 
treatment of resistant edema in patients with cardiac 
and renal disease, if periodic blood studies are made 
throughout therapy. Administration of 40 to 90 
Gm. daily of a carboxylic acid cation exchanger, 
two-thirds in the acid cycle and one-third in the 
potassium cycle, produced marked increases in 
fecal sodium excretion, significantly negative sodium 
balances, and effective loss of edema. These effects 
were observed even in patients in severe congestive 
failure on low sodium diets who exhibited evidence 
of actively functioning sodium-conserving mecha- 
nisms, such as negligible urinary sodium excretion 
and eosinopenia. As a result of the removal of cation 
without anion, persistent hyperchloremic acidosis 
developed, despite the increased urinary chloride 











-xeretion and the negative chloride balance which 
wromptly occurred in patients without organic 
renal disease. In patients with renal disease little 
shloruresis occurred and consequently, the resulting 
acidosis was more severe. However, by intermittent 
administration of resins and the concurrent use of 
mercurial diuretics, which produced loss of more 
chloride than sodium, mobilization of edema in the 
patients with renal disease was safely accomplished. 
In this series addition of an anion exchanger to the 
resin mixture had no effect on either the acidosis or 
the fecal excretion of any electrolyte. Hyponatremia 
is a rare consequence of resin therapy. 
Harris 


CORONARY ARTERY DISEASE 


Stirrup, H.: Coronary Thrombosis and Other 
Forms of Circulatory Insufficiency Coinciding 
with Cerebral Apoplexy. Acta med. scandinav. 
144: 189 (Fasc. 3), 1952. 

A series of 110 patients treated in a period of 
slightly more than one year for cerebral apoplexy 
were studied with regard to the incidence of acute 
coronary thrombosis, decompensated heart disease, 
or acute fall in blood pressure occurring in close 
time relation to the stroke. In 37 deceased patients 
there were five cases of coronary thrombosis; in 
three of these there appeared to be a close temporal 
relationship with the occurrence of the stroke. 
The cerebral vascular lesion was embolic in two 
cases, thrombotic in one and there was no apparent 
vascular occlusion in the remaining two. The com- 
bination of cerebral apoplexy and decompensated 
heart disease was present in seven patients. Six 
patients showed evidence of acute circulatory 
insufficiency with fall in blood pressure in close 
relation to the stroke. It is emphasized that hyper- 
tensive patients are particularly exposed to the 
risk of cerebral apoplexy in the presence of cardio- 
circulatory insufficiency. Normally they show an 
increased cerebrovascular resistance but a normal 
cerebral blood flow. A fall in blood pressure in these 
patients must result in a marked decrease in cerebral 
minute volume flow unless the cerebral vessels can 
undergo rapid and marked dilatation—a change not 
always possible in the presence of severe arterio- 
sclerosis. 

ROSENBAUM 


Blumgart, H. L., Freedberg, A. S., and Kurland, 
G. S.: Hypercholesterolemia, Myxedema and 
Atherosclerosis. Am. J. Med. 14: 665 (June), 
1953. 

A clinical and postmortem study of eight patients 
with rheumatic heart disease or cor pulmonale, in 
whom hypothyroidism or myxedema was induced 
surgically, leads the authors to conclude that over 
the observed period of time the hypothyroid state 
with its hypercholesteremia is not necessarily and 
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by itself a sufficient etiologic factor for the produc- 
tion of coronary atherosclerosis. These patients 
were studied for a period of 1 to 13 years following 
surgical total thyroidectomy. None of the eight 
cases showed complete occlusion of any of the 
coronary arteries at postmortem. Five of the eight 
showed no narrowing of any of the main stems or 
branches of the coronary arteries. Only three of the 
eight showed slight narrowing of one of the main 
stems. In the other arteries atheromatosis and 
atherosclerosis varied greatly but were similar to 
that generally observed in similar euthyroid pa- 
tients. 
Harris 


Russek, H. I.: Therapeutic Considerations and 
Controversial Issues in the Modern Manage- 
ment of Acute Myocardial Infarctions. Am. J. 
M. Se. 225: 589 (June), 1953. 

In discussing the treatment of myocardial in- 
farction the author reviews the pros and cons of the 
currently recommended procedures employed in 
this condition. It is stated that morphine will 
promptly provide relief of pain; it is employed intra- 
venously, 15 mg. diluted in 5 to 10 ce of sterile 
water. This treatment not only eases pain but 
relieves dyspnea, and reduces cardiac work and 
metabolic rate. However, its use is attended with 
certain difficulties such as depression of the respira- 
tory center and the induction of vomiting, constipa- 
tion and urinary retention. Mild pain may be con- 
trolled with codeine or Demerol. The use of oxygen 
is recommended in cases where arterial anoxemia is 
present. There is no justification for its routine use 
in the absence of pulmonary edema and subnormal 
arterial blood oxygen saturation. The indiscriminate 
use of oxygen simply adds to the patient’s anxiety 
and discomfort. The author states that there is no 
indication for the use of anticoagulants in patients 
sustaining an uncomplicated first attack of myo- 
cardial infarction and indicates that 122 deaths 
have occurred due to hemorrhage in a survey of the 
experience of 228 specialists. Heparin and Dicu- 
marol should be reserved for more serious cases of 
infarction. Among the large number of vasodilators 
which have been employed during convalescence 
from acute infarction Peritrate may prove to be a 
useful agent. Papaverine is of some value in the 
immediate post-infarction interval, after which 
small divided doses of nitroglycerine may be used. 
It is suggested that bed rest be enforced for the 
first few days of the illness after which the arm- 
chair method of treatment may be advisable; 
ambulation is permitted after the third week if 
conditions are satisfactory. If cardiogenic shock is 
present, the patient is kept flat in bed; transfusions 
of blood or plasma may be used carefully if the risk 
of pulmonary edema is recognized. Certain pressor 
agents such as Paredrine, Neo-Synephrine, norepi- 
nephrine and mephentermine will raise the blood 
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pressure without increasing pulse rate. Digitaliza- 
tion is employed in these severe cases in somewhat 
smaller than usual doses. It is stated that 40 per 
cent of all cases require little more than sedation 
and restriction of activities. It is stated that the 
administration of drugs or procedures without clear 
indication should be avoided since overtreatment 
or disregard for physiological concepts can prove 
disastrous. 
SHUMAN 


Leiner, G. C., and Dack, S.: The Ineffectiveness of 
Khellin in the Treatment of Angina Pectoris. 
J. Mt. Sinai Hosp. 20: 41 (May—June), 1953. 
Fifteen clinic patients with coronary sclerosis 

having moderate or severe angina of effort of many 
months’ or several years’ duration, were treated 
with a variety of khellin preparations, namely, 
Okellol tablets, containing 50 mg. of khellol gluco- 
side, Ammivin tablets containing 20 mg. of pure 
khellin, and Khelltron tablets, containing 20 mg. 
of crystalline khellin. Treatment was preceded in 
each case by one to two weeks of indistinguishable 
placebo tablets. Results were determined at weekly 
interviews during which were tabulated the daily 
record of the number of anginal attacks, the daily 
consumption of nitroglycerin and the exercise 
tolerance as gauged by the amount of walking 
required to induce anginal pain. Dosage ranged from 
one to three tablets three times daily. 

Four of the 15 patients reported feeling better 
while taking a khellin preparation, with less fre- 
quent anginal attacks and decreased nitroglycerin 
requirements; six patients reported feeling worse; the 
remainder were unimproved. Gastrointestinal dis- 
turbances were noted in only four patients, ir- 
respective of the khellin preparation used. These 
unsatisfactory clinical effects of khellin in angina 
pectoris are contrasted with the pharmacologic 
effects of the drug in producing coronary vasodila- 
tion. 

CoRTELL 


Raab, W.: Myocardial Metabolism in the Patho- 
genesis and Treatment of Angina Pectoris. 
Cardiologia 22: 291 (Fasc. 5), 1953. 

The author doubts the correctness of the classic 
concepts concerning the mechanism of anginal pain, 
which imply the coincidence of both a static factor 
(diminution of the coronary bed) and a dynamic 
one (acute increase of myocardial oxygen consump- 
tion exceeding the “‘coronary reserve’). Actually it 
can be demonstrated that angina is not necessarily 
dependent on the increase of cardiac output, eleva- 
tion of the blood pressure, increase of heart rate, 
and other factors which increase cardiac work. 
According to the author, anginal pain can be more 


adequately explained by a consideration of alter: 
tions of myocardial metabolism under neural an 
hormonal influences, especially the effects of syn 
pathotropic catecholamines (epinephrine and no: 
epinephrine). 

Sympathetic stimulation occurring with exercis: 
emotion, etc., is accompanied by an acute influ 
of epinephrine and norepinephrine into the myc 
cardium. These exert a specific oxygen-wastin 
chemical effect upon the heart muscle which is i 
principle independent of cardiac work and is acti 
vated by thyroid hormone. Cardiac disease exag 
gerates the resulting myocardial hypoxia to a painfu 
maximum (anginal pain). Most of the rationa 
forms of therapy of angina pectoris can be explained 
on this basis. Sympathectomy, sympathetic block- 
ade, and x-ray irradiation of the adrenals act by 
diminishing the influx of anoxia-producing catechol 
amines into the heart muscle. Thyroid inactivation, 
sympatholytice drugs, and nitrates act by decreasing 
the metabolic pain-producing effect of epinephrine 
and norepinephrine. 

Pick 


Wolff, L., and Richman, J. L.: The Diagnosis of 
Myocardial Infarction in Patients with Anomalous 
Atrioventricular Excitation (Wolff-Parkinson- 
White Syndrome). Am. Heart J. 45: 545 (Apr.), 
1953. 

Four cases of myocardial infarction in which the 
electrocardiograms displayed both normal and 
anomalous atrioventricular excitation are presented. 
The electrocardiographic signs of myocardial in- 
farction were evident when normal conduction 
prevailed, but were masked by anomalous excita- 
tion. The common causes of error in the diagnosis 
of myocardial infarction with the Wolff-Parkinson- 
White syndrome include: (1) paroxysms of tachy- 
cardia during anomalous conduction have been 
erroneously diagnosed as paroxysmal ventricular 
tachyeardia; (2) anomalous conduction masks 
abnormal S-T displacement and significant T wave 
abnormalities; (3) QS deflections may be large in 
some leads during anomalous condition and give 
erroneous impressions of infarction; and (4) during 
transitions from sinus to atrioventricular nodal 
rhythm, or the reverse, complexes may occur which 
display normal P waves, abnormally short P-R 
intervals, and the QRS signs of infarction. 

Conversion to normal conduction can be effected 
with carotid sinus stimulation, deep inspiration, 
quinidine, atropine, and amy] nitrite, separately or 
in combination. Digitalis favors the anomalous 
mechanism, and should be withheld until conversion 
to normal conduction is accomplished, or with- 
drawn when the abnormal mechanism appears to 
be fixed. 


RINZLER 
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ELECTROCARDIOGRAPHY, VECTOR- 
CARDIOGRAPHY AND BALLIS- 
TOCARDIOGRAPHY 


Gross, D.: Morphological Subdivision of the Q-T 
Interval and Its Relation to the Cardiac Rate. 
J. Appl. Physiol. 5: 690 (May), 1953. 

The author studies a correlation between the 
length of the Q-T interval and the form of the T 
wave in resting healthy individuals with special 
reference to cardiac rate. A total of 210 electro- 
cardiograms was analyzed. A perpendicular line 
drawn from the peak of the T wave divides the 
Q-T interval into a proximal part, called constant 
fraction, and a distal part, called variable fraction. 
The author states that only this variable fraction is 
responsible for changes in length of the Q-T interval 
at different cardiac rates. This correlation can be 
expressed by a formula and is sued for the predic- 
tion of the Q-T interval at a given cardiac rate. 
Q-T = 0.36 + 0.15 (RR — 0.9) is the formula used 
by Gross. 

LUISADA 


Den Boer, W.: The Clinical Value of Vectorcardiog- 
raphy. Acta med. scandinav. 144: 217 (Fasc. 3), 
1952. 

It is said that in measuring the heart vector it is 
essential to choose positions far from the heart and 
it is not permissible to use precordial leads. The 
author points out further that it is not correct to 
transpose anatomic to electrical relations in the 
body since the position of the heart is eccentric, 
there is no homogeneous conduction and the body is 
of limited proportions. It is his opinion, furthermore, 
that the body is in no way a homogeneous sphere. 
Experiments using an artificial dipole placed in 
several positions within the heart of a fresh cadaver 
are reported. It was observed that the triangle 
representing the standard leads of Einthoven is not 
equilateral but will resemble an equilateral one 
when the dipole is placed close to the sternum and 
relatively high. The triangle corresponding to a 
dipole close to the center of the heart resembled 
that of Burger and van Milaan. Vectorcardiograms 
recorded from points chosen according to the 
principles of Burger and van Milaan corresponded 
poorly with those recorded according to the equi- 
lateral tetrahedron. The sagittal component of the 
vectorcardiogram in particular was inadequately 
expressed when the equilateral tetrahedron was used. 

The vectoreardiographic observations have sug- 
gested that various disturbances of conduction 
have been collected under the heading of left bundle 
branch block. Left and right ventricular hyper- 
trophy can often be recognized in the vectorcardio- 
gram, but the former may be confused with antero- 
septal infarction and its recognition is also difficult 
if there is no deviation of the electrical axis to the 


left. The vectorcardiogram has not been found useful 
in the diagnosis of myocardial infarction although 
it is of great value in understanding the electrical 
phenomena in this condition. Injuries which are 
silent in the extremity leads usually cannot be 
recognized in the vectorcardiogram. It is stated 
that we cannot expect the vectorcardiogram, the 
sum of the components, to display disturbances not 
shown by the individual components of the vector- 
cardiogram. Furthermore, it is felt that the registra- 
tion of the vectorcardiogram alone will never allow 
us to assess the electric phenomena of the heart. 
The great advantage of the method is the spatial 
orientation which is provided and the information 
which it affords regarding the meaning of the 
electrocardiogram. 
ROSENBAUM 


Helm, R. A., and Fowler, N. O., Jr.: A Simplified 
Method for Determining the Angle Between Two 
Spatial Vectors. Am. Heart J. 45: 835 (June), 
1953. 

These authors have constructed a table giving a 
simplified method for the calculation of the angle 
between two spatial vectors, given the angular 
positions of the vector projection on two mutually 
perpendicular planes. The manner of use of this 
table is explained. 

RINZLER 


Jonnart, L., and Ghys, A.: A Study of the Human 
Ballistocardiogram. II. The Acceleration Ballis- 
tocardiogram. Acta Cardiol. 8: 232 (Fasc. 3), 
1953. 

In 167 cases of various ages, with and without 
cardiovascular disease, acceleration ballistocardio- 
grams were recorded with an apparatus previously 
described. The curves obtained by this technic 
closely resemble those obtained with other methods 
but due to an improved ratio of frequency of the re- 
cording system and the recorded phenomena, they 
present more accuracy in finer details. In their 
theoretic discussion the authors put particular 
emphasis on the time relationships of the H-I, 
I-J, and H-J segments. They feel that the amplitude 
and period of an oscillation are closely related, and 
this dependence is analyzed in terms of physical 
laws. 

The study was restricted to the resting ballisto- 
cardiogram and no exercise or similar tests were 
performed. With these limitations in mind the 
authors concluded that, at present, the best in- 
formation available from a_ ballistocardiogram 
concerns the degree of elasticity, or atheroma, of the 
aorta. Exception is taken from the view that a 
ballistocardiogram reflects such values as cardiac 
output, myocardial efficiency or the condition of 
the coronary system. 

Pick 
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Regnier, M., and Taccardi, B.: The Variations of the 
Spatial Vectorcardiogram as a Function of the 
Method Used. Acta cardiol. 8: 268 (Fasc. 3), 
1953. 

Vectorcardiograms of 20 persons recorded by five 
different systems of arrangement of the electrodes 
were compared and analyzed. Considerable differ- 
ences were found in the contour of the vector loop, 
in the direction of its main axis, in the orientation 
of instantaneous vectors, in the sense of rotation of 
the loop and in the quadrant occupied by it. These 
differences were less pronounced when vectorcardio- 
grams obtained by the method of Duchosal and 
Sulzer were compared with those recorded according 
to Grishman and Scherlis. The differences were 
considerable when the results of the latter two 
methods were correlated with curves recorded with 
the technic used by Wilson, Johnston and Kossman, 
and even more pronounced when compared with 
the methods of Donzelot and Milanovich, or of 
Burger and Van Milaan. The differences usually 
are more marked in the horizontal and sagittal 
planes than in the frontal plane, and in subjects 
with heart disease than in normals. The reasons for 
this poor correlation are discussed and some pos- 
sibilities are suggested to obtain more precise 
results. 

Pick 


Selvini, A.: A Constant Electrical Potential Differ- 
ence in the Human Heart Other than Action and 
Injury Potentials. Cardiologia 23: 21 (Fasc. 1), 
1953. 

The author studied the cause of periodic wave- 
like motions of the baseline of the electrocardiogram 
which are commonly observed with deep respiration 
in persons with anatomically horizontal hearts. 
Isolated frog hearts were rotated in an apparatus 
specially designed for the experiments. With a 
certain’ position of the heart the presence of a 
constant electrical current directed from apex to 
base could be demonstrated. This potential is 
independent of the action potentials and unrelated 
to potentials due to injury. It appears however to 
be related to the general condition of the myo- 
eardium since it is reduced or abolished during 
oxygen deficiency of the preparation. A similar 
constant electric current between apex and base is 
assumed by the author to exist in the human heart 
It becomes manifest when, during respiration, the 
heart rotates in such a way that the axis of the 
current changes its direction relative to the fixed 
electrodes. Movements of the baseline, especially in 
lead III during respiration are ascribed by the 
author to the periodic manifestation of this per- 
manent potential. 


Pick 


Doliopoulos, Th., and Bangon, H.: The Unipolar 
Electrocardiogram in Sportsmen. Cardiologia 2°: 
169 (Fasc. 3), 1953. 

In 24 active athletes, 19 to 38 years of age, 1- 
lead electrocardiograms were recorded at  res:, 
before and following a period of vigorous trainin :. 
The tracings were analyzed with regard to the si:e 
of deflections in the various leads, their ratios, an | 
the indexes of Sokolow indicating ventricul: r 
hypertrophy. An M-shaped QRS pattern in rigl t 
precordial leads was found in about 25 per cent : f 
the cases and was not considered to be abnorma . 
Abnormal R/S ratios suggesting right or le 
ventricular hypertrophy were present in 33 and 2} 
per cent of the cases, respectively. This high in 
cidence in a perfectly healthy group suggests tha 
these alterations are physiologic in athletes. Fi 
similar reasons the frequent finding of large ' 
waves in the precordial leads, and alterations in th 
contour of the P waves is not abnormal. The autho: 
conclude that the electrocardiogram of athlete 
remains normal, and when unquestionably patho 
logic alterations are found, they must be attribute: 
to causes other than sport. 

Pick 


Levine, R. B., Schmitt, O. H., and Simonson, E.: 
Electrocardiographic Mirror Pattern Studies. 
II. The Statistical and Individual Validity of the 
Heart Dipole Concept as Applied in Electro- 
cardiographic Analysis. Am. Heart J. 45: 500 
(April), 1953. 

The authors present evidence and a technic to 
show that for most biologic purposes, the dipole 
hypothesis is a valuable one, and may be used in 
semiquantitative as well as in qualitative analysis. 
The method makes use of the cancellation properties 
of mirror patterns and has a sensitivity of approxi- 
mately 2 per cent. In 17 normal subjects and 37 
cardiac patients, mirror patterns were found along 
approximately 100 different anatomic axes through 
the heart, no direction giving significantly better 
mirror patterns than any other direction. In general, 
approximately 90 per cent of the electrocardio- 
graphic potential appearing at any point on the 
body, including the precordial areas, may be ascribed 
to a dipolelike current source at the heart, in that 
only 9 per cent of any pair of mirror patterns, on 
the average, failed to cancel. 

RINZLER 


Alzamora-Castro, V., Abugattas, R., Battelana, G., 
Rubio, C. Bouroncle, J., Zapata, C., Binder, T., 
Santa Maria, E., Pando, B., Paredes, D., and 
Perez, V.: Intraventricular Blocks: The Conduc- 
tion and Fiber Block. An Experimental Electro- 
cardiographic Study. Ztschr. Kreislaufforsch. 42: 
250 (Apr.), 1953. 

The authors produced a focal block of conduction 
in the free walls of the right or left ventricle by 
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‘qjection of a small amount (0.1 to 0.5 cc.) of a 
5 to 5 per cent solution of cocaine into a coronary 
rtery or into one of its branches. The focal char- 
cter of the resulting conduction defect was proved 
yy comparison of direct epicardial leads from the 
irea supplied by the injected vessels with similar 
racings obtained from other epicardial regions. 
Only the former showed progressive QRS prolonga- 
tion and T-wave alterations comparable to those 
seen in clinical electrocardiography in the presence 
of ventricular hypertrophy, incomplete, and com- 
plete bundle branch block. Simultaneous recordings 
of epicardial and endocardial leads close to the 
injected area showed a development of a late and 
tall R wave in both types of leads, suggesting that 
during the time of block, not only the speed of 
conduction was retarded, but also its direction was 
changed, taking place parallel to both surfaces 
instead of radially from endocardium to epicardium. 
The same electrocardiographic patterns were ob- 
tained when one of the bundle branches was severed, 
and no further alteration occurred when this was 
followed by a cocaine injection into a homologous 
coronary artery. 

The authors distinguish two types of intra- 
ventricular blocks; a “conduction block” due to a 
lesion of the specific conduction system, and a 
“fiber block” ascribed to some damage in a cir- 
cumscribed area of the ordinary myocardium. A 
mixed form may also occur and is probably respon- 
sible for many instances of intraventricular block 
found in clinical electrocardiography. A pure 
conduction block appears to occur more frequently 
in the right ventricle and a peripheral fiber block 
in the left. Since the latter indicates a more serious 
disturbance, namely damage to contractile elements 
of the heart muscle, a distinction of the two types 
of intraventricular block is of practical and prog- 
nostic significance. The electrocardiographic criteria 
of fiber block will be described by the authors in a 
subsequent communication. 

Pick 


Rodriguez, M. I., Anselmi, A., and Sodi-Pallares, 
D.: The Electrocardiographic Diagnosis of Septal 
Infarctions. Am. Heart J. 45: 525 (April), 1953. 
When an infarct of the septum is massive (in- 

volvement of at least two-thirds at necropsy) and 

there is no bundle branch block, the electrocardio- 
graphic pattern is characterized by the presence of 

QS complexes in the precordial leads oriented 

toward the interventricular septum (V3, Va, or 

perhaps from V,; to V,). When complete or incom- 
plete left bundle branch block is present, the 

diagnosis of infarction is made by the presence of a 

Q wave in leads oriented toward the lateral face of 

the left ventricle, and above all, by the presence of 

QrS complexes in transitional zones (V3, V,). When 

right bundle branch block is present with septal 


infarction, Q waves appear in the right precordial 
leads or in transitional zones. 

When infarct of the septum is limited to the 
inferior one-third and there is no bundle branch 
block, differentiation from massive infarction is 
difficult because the electrocardiographic changes 
consist also in the presence of QS complexes from 
V, to V; or in V3, and Vy. When left bundle branch 
block is present, the diagnosis of infarction is made 
by the presence of qRs complexes in V; and V, and 
by the Q waves in the leads oriented to the free 
wall of the left ventricle. When right bundle branch 
block is present with septal infarction a Q wave is 
seen in the right precordial leads. The magnitude 
of the Q wave is in direct proportion to the extent 
of septal damage. 

Infarctions of the superior third of the septum 
seen at necropsy were always accompanied by 
bundle branch block but no electrocardiographie 
data was seen to suggest septal damage. 

Fibrosis of the septum has no characteristic 
electrocardiographic changes. 

RINZLER 


HYPERTENSION 


Saint-Pierre, H., Corcoran, A. C., Taylor, R. D. 
and Dustan, H. P.: Relief of Hypertensive 
Headache by Intravenous Injection of Thio- 
cyanate. J.A.M.A. 152: 493 (June 6), 1953. 
Headache is known to occur in about 50 per cent 

of patients with hypertension. The symptom is 

sometimes almost unbearable and the common 
analgesics may give no relief. Because of reports 
that thiocyanate given orally relieves from 50 to 

88 per cent of the patients, it was decided to use 

intravenous injections of a solution containing 

1 Gm. of thiocyanate ion to 17 patients who were 

refractory to other methods of treatment. Gratifying 

relief was experienced by three-quarters of the 
group. This occurred within hours rather than days 
and the incidence and degree of relief approximated 
the effect seen with oral treatment. The dose used 
yields predictable serum concentrations so that 
chemical determinations after injections are un- 
necessary. The concentrations produced are much 
less than those considered toxic and no reactions 
were observed in this series of 17 patients. The 
mechanism of relief is obscure and does not depend 
on decreased arterial pressure. The suggestion is 
made that intravenous injection of thiocyanate be 
tested in impending migraine and in the initiation 
of oral treatment of hypertension with thiocyanate. 
KITCHELL 


Davis, Eli: Clinical Method for Measuring Capil- 
lary Blood Pressure and Its Application in Hyper- 
tension. Arch. Int. Med. 91: 715 (June), 1953. 
A practical clinical method for measuring capil- 

lary pressure by capillary microscopy, based on the 

principle of sphygmomanometry, is described. 
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Capillary pressures of 45 mm. Hg or above are 
considered high. Of 57 patients with high blood 
pressure, 23 had high capillary pressure. High 
capillary pressure in patients with high blood 
pressure was especially associated with capillaries 
of pathological morphology and with severe illness, 
severe retinal changes, severe renal changes, and 
cerebral complications. 
BERNSTEIN 


Perlmutter, M., Hermann, H. B.: Apparent Two- 
Year Cure of Nephrogenic Hypertension. Arch. 
Int. Med. 91: 808 (June), 1953. 

A unilateral atrophic kidney of a 17 year old 
female hypertensive patient was removed solely 
for the purpose of lowering a persistently elevated 
blood pressure. The atrophic kidney was free of 
infection and caused no local symptoms. Normal 
blood pressures were obtained consistently during a 
two year period after nephrectomy. 

Hypertension, per se, would seem to be an ade- 
quate indication for the surgical removal of an 
asymptomatic atrophic hypofunctioning kidney if 
the other kidney is of normal size and function. 
This is especially true if the patient is young, if 
the hypertension is of short duration, and if retinop- 
athy is absent or minimal. It would therefore, be 
advisable to obtain pyelographic studies of all 
hypertensive concentration tests. By this means 
the unilateral asymptomatic atrophic kidney, 


which may be causing hypertension, could be found, 
with a resultant increase in the surgical cure of 
nephrogenic hypertension. 


BERNSTEIN 


Morrison, B., and Paton, W. D. M.: Effects of 
Hexamethonium on Normal Individuals in 
Relation to Its Concentration in the Plasma. 
Brit. M. J. 1: 1299 (June 13), 1953. 

In 16 normal individuals a detailed study of the 
clinical effects of subcutaneous test doses of hexa- 
methonium was made. In eight of these, plasma 
concentrations of the agent were determined by 
Paton’s biologic assay using the nictitating mem- 
brane of the cat and the close-arterial injection of 
the plasma for assay into the continuously stimu- 
lated superior cervical ganglion. The three types of 
ocular changes observed—increased pupil size, 
diminished light reaction, and loss of accommoda- 
tion—did not develop in a parallel fashion. Fall in 
blood pressure, particularly in the standing subject, 
was always the first effect observed. Considerable 
individual variability (at least eight-fold) in re- 
sponsiveness was recorded. However, in a given 
subject, there was a direct linear (not logarithmic) 
relationship between plasma concentration of 
hexamethonium and effect on blood pressure. The 
data accumulated are consistent with confinement 
of the agent to extracellular compartment and 
excretion by glomerular filtration without tubular 


secretion or reabsorption. Two subjects who were 
among the most sensitive, displayed bradycard 
rather than tachycardia, with the drug-indue: 
hypotension. 

McKusick 


Morrison, B.: Parenteral Hexamethonium 
Hypertension. Brit. M. J. 1: 1291 (June 1: 
1953. 

The author treated 39 hypertensives by the su 
cutaneous route, for periods of 3 to 15 month 
Patients over 60 years of age and those with u 
complicated essential hypertension were not treate: 
The author does not hesitate to treat chronic ren: 
hypertension and in most of such cases saw no ris 
in blood urea nitrogen. Injections were given eac 
eight hours in most patients. Those with ren: 
insufficiency and retention of the agent require 
administration less frequently. Tolerance develope 
mainly in the first four to six weeks of treatment 
Fluctuations in responsiveness occurred  witi 
domestic stress and cold weather (decreased respons”: 
to hexamethonium) and with hot weather, unwonte: 
exercise, febrile illness, diarrhea or vomiting (in 
creased response). 

Incidence of dryness of the mouth, constipation 
and interference with pupillary function closely 
followed dosage and blood level. Patients frequently 
showed severe side reactions of these types in spite 
of a high degree of tolerance to the hypotensive 
action of hexamethonium. The author suggests 
that “tolerance” is due not to loss of ganglion 
blocking power but rather to increase in the factors 
responsible for maintaining abnormal arteriolar 
tone in hypertension, either nervous or humoral. 
The author makes much of the development in 
three patients on prolonged therapy of “bilateral 
symmetrical opacities in the lungs, in the upper 
and mid-zones’’. Although corroboratory data is 
not provided, these may have represented the not 
infrequent radiographic finding in chronic azotemia. 

McKvusick 


Orbison, J. L., and Peters, E.: Failure of Rutin 
and Catechin to Affect Vascular Lesions of 
Experimental Hypertension or Hypersensitivity. 
Proc. Soc. Exper. Biol. & Med. 88: 173 (May), 
1953. 

This study was done to test the effectiveness of 
rutin and a Flavonol, Catechin in hypersensitivity 
arteritis in rabbits, and also in the arteritis of malig- 
nant hypertension in dogs. 

The results obtained failed to indicate any effec- 
tiveness of rutin or catechin upon the arteritis of 
malignant hypertension in dogs. Rutin and Catechin 
were also found to be ineffective in the prevention of 
arteritis of hypersensitivity produced in rabbits. 

Mintz 
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Cohen, B. M.: Arterial Hypertension among Indians 
of the Southwestern United States. Am. J. Med. 
Se. 225: 505 (May), 1953. 

Using as his criterion for hypertension a diastolic 
blood pressure of 90 mm. Hg or above, the author 
determined the incidence of this disorder in 1140 
American Indians over a two-year period in the 
southwestern section of the United States. Among 
the entire group there were 14 patients (1.2 per 
cent) with elevated blood pressure. When cases of 
secondary hypertension were excluded the corrected 
incidence of the primary disorder was 0.96 per cent. 
The incidence in women was slightly higher than 
men: there were no cases noted at an age younger 
than 35 years. Clinically, the usual stigmata of 
hypertensive disease were found in these individuals 
as cardiac decompensation, cerebrovascular ac- 
cidents, renal insufficiency, retinal disorders, and 
coronary insufficiency syndromes. There were three 
de>ths, two due to heart failure and 1 due to a 
cerebrovascular accident. The author discusses 
certain factors which may be important in the 
rarity of hypertensive disease among these people. 

SHUMAN 


Heptinstall, R. H.: Malignant Hypertension. J. 

Path. & Bact. 65: 423 (April), 1953. 

Fifty-one cases of clinical malignant hypertension 
were examined post mortem. Twenty-five cases 
fell into essential hypertension in the malignant 
phase group; 8 were due to chronic pyelonephritis 
and 10 to chronic glomerulonephritis. One was 
associated with polycystic kidneys, three with 
toxemia of pregnancy and four with polyarteritis 
nodosa. No case of essential hypertension was 
encountered below the age of 35. The younger age 
group was wholly composed of cases of secondary 
hypertension. 

The blood pressure level was comparable in all 
groups and was uniformly high, the diastolic pres- 
sure being almost invariably over 130 mm. Hg. 
Vascular necrosis was present in both the secondary 
hypertensive and essential hypertension groups. 
Certain cases showed vascular necrosis in the 
absence of impairment of renal function. Thus 
renal insufficency is not a necessary factor in the 
production of these necrotic lesions. 

The severe degree of hypertension appears to be 
the cause of the common picture of vascular necrosis 
irrespective of the way in which the hypertension 
was brought about. The fact that a variety of 
conditions known to cause heightened blood pres- 
sure can produce the clinical picture of malignant 
hypertension with vascular necrosis is evidence in 
favor of the theory that the difference between the 
benign and malignant forms of hypertension is one 
of the degree of hypertension attained. 

BERNSTEIN 


Moyer, J. H., Snyder, H. B., Johnson, I., Mills, 
L. C., and Miller, S. I.: Results with Oral Hexa- 
methonium Alone and in Combination with 1- 
Hydrazinophthalazine (Apresoline) in the Therapy 
of Hypertension. Am. J. M. Sc. 225: 379 (April), 
1953. 

A group of 58 patients with hypertensive disease 
of established severity was treated with oral hexa- 
methonium, the dose of which was carefully titrated 
for each individual. The dosage was regulated by 
the upright blood pressure in order to avoid hypo- 
tension. All but 11 patients experienced significant 
reductions in blood pressure with normal readings 
appearing in about one-half of the group. The 
combined administration of Apresoline and hexa- 
methonium further improved the blood pressure 
regulation in 11 of 18 patients who were not con- 
trolled on the latter drug alone. 

Congestive heart failure and angina pectoris were 
benefited by the use of hexamethonium in hyper- 
tensive heart disease, definite improvement in 
decompensation being noted in three-fourths of the 
patients with this condition. Cerebro-vascular 
disease was likewise benefited. Renal disease of 
milder degrees was not adversely affected by 
hexamethonium, but frank renal insufficiency with 
a rising blood urea nitrogen is a contraindication 
to its use. Hexamethonium was compared with 
other depressor agents such as Dibenzyline and 
was found to be superior in the treatment of hyper- 
tension. 


SHUMAN 


Burn, G. P.: Urinary Excretion of the Pressor 
Amines in Relation to “~Phaeochromocytoma. 
Brit. M. J. 1: 697 (March 28), 1953. 

Pressor amines were determined by extraction 
of urine and biologic assay in cats. Results were 
expressed in micrograms of noradrenaline which 
produced the same rise in blood pressure. A pro- 
gressive rise in excretion of pressor amines with 
advancing age was demonstrated. When this age 
progression was taken into account no increased 
excretion was found in essential hypertension or in 
hypertensive toxemia of pregnancy. Three cases of 
pheochromocytoma showed excretion in amounts 
above the normal range; however, excretion showed 
considerable fluctuation which was apparently 
related to the number and severity of spontaneous 
paroxysms during the period of collection. In one 
interesting case of essential hypertension benzodi- 
oxane induced a rise in blood pressure and an in- 
crease in urinary excretion of pressor amines. Normal 
amounts were excreted on three subsequent days. 
The benzodioxane test should not be performed 
during a collection period for determination of 
urinary pressor amine excretion. 

McKvsick 
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Wakerlin, G. E., Bird, R. B., Brennan, B. B., 
Frank, M. H., Kremen, S., Kuperman, I., and 
Skom, J. H.: Treatment and Prophylaxis of 
Experimental Renal Hypertension with ‘‘Renin.” 
J. Lab. and Clin. Med. 41: 708 (May), 1953. 
Chronic experimental renal hypertension in dogs 

has been successfully prevented and when present 
treated with crude and semipurified hog renins. 
The antihypertensive effects obtained in the treat- 
ment and prophylaxis of chronic experimental 
renal hypertension are well correlated with the 
antirenin titers. This evidence for antirenin (or an 
antibody to a protein closely related to renin) as 
the mechanism of the antihypertensive effects of 
hog renins constitutes support for the affirmative 
of the long standing controversy regarding the 
primary role of renin (or some closely related 
protein) in the pathogenesis of experimental renal 
hypertension. 

In experimental renal hypertension in the dog, 
hog renal medulla contains a factor which interferes 
with the antihypertensive effects of hog renin by a 
mechanism presently unknown. Renotoxic and 
renal protective factors have been found to occur 
in fractions of renal extracts. Toxicity is measured 
by an increased, and protection, by a decreased 
incidence of uremia after constriction of the renal 
arteries. After further preliminary experiments in 
animals the role of the kidney in the production of 
essential hypertension will be studied by passive 
immunization of patients with purified antirenin 
to human renin. 

MINtTz 


Perry, H. M.: A Method of Quantitating 1-Hy- 
drazinophthalazine in Body Fluids. J. Lab. & 
Clin. Med. 41: 566 (Apr.), 1953. 

A colorimetric method is described for the deter- 
mination of 1-hydrazinophthalazine or related 
substances as ninhydrin complexes in urine or 
plasma. Five compounds or groups with which the 
drug reacts are: sulfhydryl radicals, carbonyl 
radicals, glucose, heavy metal ions and ninhydrin. 

The procedure reveals a noticeable urine con- 
centration of hydrazinophthalazine within 30 
minutes of a single oral dose and a maximum is 
reached during the second to the fourth hour. 
Thereafter the drug is slowly excreted for more 
than 24 hours. To date there has been a surprising 
uniformity in the percentage of the drug recovered. 
Depending on whether the drug is given orally or 
parenterally the recovery of free drug approximates 
2 + 14 per cent. 

MINTz 


PATHOLOGIC PHYSIOLOGY 


Swann, H. G., Angisten, R. I., and Clark, C. C.: 
The Nature of Circulatory Failure in Accidental 
Death. Am. J. Med. Sc. 225: 475 (May), 1953. 
There are two divergent opinions concerning the 


‘cause of failure of the circulation in cases of av - 
cidental death. One explanation is that of peripher: | 
vasomotor collapse caused by anoxia and acidos's 
and leading to vasodilatation with decreasing perip! - 
eral resistance and blood pressure. Another theo: 
suggests that anoxia leads to a decrease in myocardi: 
contractility with resultant circulatory collapse di 
to failure of the heart. In the present study, dog 
were made anoxic by breathing pure nitrogen unt 
unconscious, whereupon a decrease in blood pre: 
sure developed. At this time, they were resuscitate 
and blood was obtained from the left ventrick 
the ascending aorta, and abdominal aorta for oxyge: 
analysis. As circulatory recovery commenced ii 
these animals, reoxygenated blood was recovere: 
from the left heart and ascending aorta, but ha: 
not yet reached the abdominal aorta. On this basis 
the authors believe that recovery from circulatory 
collapse due to anoxia entails reoxygenation of the 
myocardium rather than reoxygenation of the 
peripheral vascular bed. The aim of resuscitating 
measures in near-death due to circulatory failure 
is reoxygenation of the myocardium. 

SHUMAN 


Davis, H. A., and Isenberg, L.: An Improved Blood 
Volume Method (Evans Blue Dye) Utilizable 
Even in the Presence of Hemolysis and/or 
Lipemia. J. Lab. & Clin. Med. 41: 789 (May), 
1953. 

The purpose of this paper is to present a method 
for the determination of plasma volume by means 
of a plasma diluent (Evans Blue dye) which offers 
the following advantages over the previous pro- 
cedures of its type. It does not require the use of 
expensive specialized equipment or the services of 
highly trained technicians. It utilizes only a single 
blood sample. It allows blood volume determinations 
to be made quickly and accurately even in the 
presence of considerable hemolysis and/or turbidity 
of the sample. 

When Evans Blue dye (T-1824) is injected in 
massive doses into the blood stream, there occurs 
staining of the endothelial cells and other paren- 
chymal tissues. However, in amounts required for 
blood volume determination, even when repeatedly 
injected, the dye does not appear to be retained by 
the endothelial or other tissues. The combination 
of the dye with albumin is sufficiently rapid to 
permit binding of the dye in the time necessary 
for one complete circulation of the blood. The 
problem is to prevent binding of the dye with the 
protein of the endothelial or other body tissues. 

In 19 normal women the mean plasma volume 
was 1.589 liters per square meter of body surface 
area with a standard deviation of +0.183 liters 
per square meter. The mean blood volume was 
2.475 liters per square meter of body surface, with 
a standard deviation of +0.178 liters per square 
meter. In 30 normal men, the mean plasma volume 
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was 1.740 liters per square meter of body surface 
with a standard deviation of +0.291 liters per square 
meter. The mean blood volume was 2.910 liters 
per square meter of body surface area, with a 
standard deviation of +0.411 liter per square 
meter. 

The Evans Blue dye method yields higher values 
for the plasma volume and for the total blood volume 
than do methods employing labeled erythrocytes. 
This difference may be due to dye diffusion into 
those portions of the noncirculating plasma where 
erythrocytes are unable to enter. 

Mintz 


Stephenson, H. E., Jr., and Hinton, J. W.: Use of 
Intra-aortic and Intracardiac Transfusions in 
Cardiac Arrest. J.A.M.A. 152: 500 (June 6), 
1953. 

Much has been written about the efficacy of 
intra-arterial transfusion in selected cases. The 
authors feel that the intra-aortic and intracardiac 
routes have not received adequate attention. They 
discuss the technic, advantages, and disadvantages 
of both these transfusion routes. They report one 
illustrative case, using the intra-aortic transfusion 
route and two cases in which the intracardiac route 
was used. The one case who had a transfusion by the 
intra-aortic route was resuscitated but unfortunately 
died on the twenty-fourth postoperative day from 
abdominal complications not connected with the 


transfusion. The two individuals receiving intra- 
cardiac transfusions were benefited evidently only a 
few minutes and then died. The authors feel that 
the time factor in all these cases is most important 
and the need for prompt cardiac massage as well as 
transfusion seems obvious. 


KiTrcHELL 


SURGERY IN HEART AND VASCULAR 
DISEASE 


Thomas, C. G., and Ziffren, S. E.: Healing of Exten- 
sive Cardiac Wounds. J. Thoracic Surg. 24: 348 
(Oct.), 1952. 

In view of the increasing use of cardiotomy in 
cardiac surgery it was felt advisable to determine 
the fate of large wounds of the heart. Cardiac 
muscle has only a slight capacity for regeneration, 
and healing of heart wounds takes place by fibro- 
plasia. Because of the constant alterations of tension 
due to cardiac contractions, it was thought that the 
cicatrix might become attenuated and rupture or 
form an aneurysmal defect. 

An area of the entire thickness of the left ventric- 
ular wall of the dog’s heart was excised in a group 
of animals. The defect was closed by through-and- 
through suture, and the animals were observed and 
sacrificed over a period of 46 months. In a second 
group of dogs a linear incision was made into the left 


ventricular wall and these were then closed. These 
animals were observed for 11 months. 

It was noted that the wounds healed with a dense 
scar that did not appear to affect function. At the 
end of one month this scar had decreased in thick- 
ness to 50 per cent of the normal wall. After several 
months this decrease in thickness amounted to 30 
per cent of the normal thickness of the wall. With 
the passage of time these scars also increased in 
breadth. There was little relationship between the 
amount of elapsed time and the breadth of the 
sear. 

In those dogs with simple incisional wounds the 
same changes occurred but were usually not as 
marked and there was considerable variation in 
degree. 

Histologic examination revealed that there was 
necrosis of the cardiac muscle that was actually 
encompassed by the suture material, so the scar 
extended 2 to 5 mm. beyond the sutures. 

Within one week the sutures that had penetrated 
the endocardium were covered by a thin layer of 
fibrin. Usually, by two weeks they were covered with 
endothelium. There was no evidence of the formation 
of thrombi. Embolism was not noted. 

No evidence of aneurysmal defect or rupture was 
observed in these scars. The strongest scars were 
usually in the shortest incisions. 

FROBESE 


Bolton, H. E., Maniglia, R., and Massey, F. C.: 
Calcific Emboli Complicating Mitral Valve Com- 
missurotomy. J. Thoracic Surg. 24: 502 (Nov.), 
1952. 

The case is that of a 26 year old man with clinical 
evidence of mitral stenosis complicated by increas- 
ing dyspnea and hemoptysis. There was some suspi- 
cion that calcification of the mitral valve was 
present. 

At surgery the diagnosis of mitral stenosis was 
confirmed and exploration of the valve revealed it 
to be heavily calcified. The anterolateral commissure 
was incised, and the operative procedure was thought 
to be satisfactory. 

Postoperatively the patient had a right hemi- 
plegia and died 30 hours later. Autopsy was per- 
formed and the left middle and left posterior cere- 
bral arteries were found to be occluded by emboli. 
Roentgenographic and histologic studies revealed 
that these emboli were calcific. In all likelihood they 
originated from the incised valve. 

Although others have suspected calcific emboli as 
a cause of cerebral vascular accidents complicating 
valvular surgery, it is thought that this is the first 
instance where the emboli have actually been found 
in the cerebral vessels. 

FROBESE 


Bailey, C. P., Lacy, M. H., Neptune, W. B., Weller, 
R., Arvanitis, C. S., and Karasic, J.: Experi- 
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mental and Clinical Attempts at Correction of 

Interventricular Septal Defects. Ann. Surg. 136: 

919 (Dee.), 1952. 

Interventricular septal defects may occur low or 
high in the septum, and both of these may be small 
or large. The disturbances of cardiac physiology are 
progressively greater with increase in size of the 
opening. Small openings low in the muscular septum 
tend to contract with systole and cause little diffi- 
culty. Large openings may result physiologically in a 
single ventricle and almost all the blood in the left 
ventricle will be shunted to the right and continually 
mixed with the blood of the right ventricle. Prac- 
tically all of these are congenital in origin, and they 
may occur as single defects or as one of a combina- 
tion of malformations. 

Surgical correction of these defects has been de- 
layed by a number of factors. Some of these are: 
danger of hemorrhage from the open cardiac cham- 
ber; danger of cardiac arrhythmia from the manipu- 
lation; interference with the bundle of His in the 
septum, danger of injury to or distortion of the 
aortic valve cusps; the lack of sufficient tissue in the 
area with which to effect a repair; and, lastly, the 
lack of a perfected extracorporeal heart-lung device 
which would allow tedious open intracardiac surgery. 

Experimental efforts have been performed in 52 
animals with the guidance of an intracardiac finger. 
These have consisted of: (1) the formation of a 
rolled, tapering, pedicled pericardial graft which is 
inerted into the right ventricle through its wall, then 
passed through the defect and held there like a 
cork; this, of course, is limited to use in small defects 
and its chief disadvantage is that it may partially 
block the right ventricular outflow tract; (2) for the 
larger defects a flat, pedicled graft of pericardium 
has been threaded into the heart parallel to the 
septum and on the side of the septum where the 
greatest pressure is; thus this flap fans out and 
covers the defect and closes it as it is forced into 
it by the pressure. 

Because the animals did not survive the experi- 
mentally produced large septal defects or the small 
defects healed too rapidly, it became necessary to 
produce the defect and repair it in one operation. 

The rolled pericardial grafts that passed through 
the small septal defects appeared to be successful. 
Healing occurred and it was difficult to differentiate 
the graft from the septal tissue at necropsy. The 
flat flaps of pericardium intended for the larger 
defects were not successful. They did not adhere to 
the septum. They atrophied and contracted and 
could not function as desired. This was also con- 
firmed by histopathologic examination of the grafts. 

With these findings in mind, the rolled pericardial 
plug procedure was performed on three humans with 
high small septal defects. In one case of tetralogy of 
Fallot, a portion of an infundibular obstruction was 
first removed by a Brock procedure; then the sling 
was put through to plug the septal defect. In three 


hours it became swollen and blocked the right ven 
tricular outflow tract, so that it was necessary t 
reopen the chest and remove the graft. The remain 
ing two cases made uneventful recoveries with som 
evidence of clinical improvement. 

FROBESE 


Ehrenhaft, J. L., and Taher, R. E.: Hemoperi 
cardium and Constrictive Pericarditis. J. Thoraci 
Surg. 24: 355 (Oct.), 1952. 

The etiologic agent of most cases of constrictiv: 
pericarditis is not clear. This is particularly tru: 
when there is nothing to suggest tuberculosis. Th: 
authors encountered a patient who they felt might 
shed some light on this subject. 

This man had developed a chronic hemoperi 
cardium following minimal trauma to the precordia| 
area. At operation an early constrictive pericarditis 
was found. On reviewing the literature they noted 
that a number of reports had suggested that hemor- 
rhage into the pericardial sac was related to the 
formation of a constrictive pericarditis. 

Therefore an attempt was made to produce chronic 
constrictive pericarditis in the experimental animal 
by the intrapericardial injection of blood or blood 
lipids. Fourteen dogs were utilized. In six animals 
autogenous blood was injected. In six other animals 
a lipid extract of dog blood was prepared and in- 
jected. In two animals a crystalline suspension of 
cholesterol and saline was administered. The latter 
two were sacrificed at 6 and 10 weeks, respectively. 
Two dogs each of the blood and the lipid series were 
sacrificed at one, three, and six months. 

All of the group in which blood was injected 
manifested some changes in the pericardium and 
epicardium. This usually was a patchy pericardial 
and epicardial scarring. None of the blood was still 
present in the sac. Adhesions between the layers of 
the pericardium were not noteworthy. 

In the group in which the lipid fraction had been 
injected, the above changes were present to a greater 
degree and adhesions were noted. With a greater 
lapse of time the changes were more marked. One 
animal in this group died at seven weeks with ex- 
tensive findings of constrictive pericarditis. 

The two dogs that had cholesterol injections 
showed the same findings as those in the lipid 
group except neither developed a constrictive peri- 
carditis. 

It would appear that in some cases a hemoperi- 
cardium may result in a chronic constrictive peri- 
carditis and that the lipid fraction of the blood is the 
significant component producing the reaction. 

FROBESE 


Skinner, H. L., and Farr, K. F.: Decortication of the 
Heart. J.A.M.A. 152: 234 (May 16), 1953. 
The authors present a case of a young man stabbed 
in the chest one month prior to the onset of difficulty 
in breathing and pain over the heart which was 
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followed by unconsciousness and admission to the 
hospital. The symptoms of cardiac tamponade were 
noted upon admission to the hospital, that is, (1) 
increased venous pressure, (2) decreased arterial 
pressure, and (3) a small quiet heart. Because of 
loculations, complete removal of the blood from the 
pericardial sac was not possible. Exploring the 
pericardium surgically, a thin peel of organized 
blood clot was found completely surrounding the 
inferior and superior vena cava and definitely ob- 
structing the venous return. Removal of this peel 
was followed by recovery. It is felt that this treat- 
ment should be considered early in such cases as a 
possibility of preventing a future constricting peri- 
carditis as the clot calcifies. The hazards of (1) 
paroxysmal tachycardia, (2) ventricular fibrillation, 
(3) complete arrhythmia, (4) cardiac arrest, and 
(5) uncontrollable bleeding, involved in pericardiec- 
tomy are largely eliminated by removing loosely 
organized blood clot before it becomes too adherent. 
KiITCHELL 


THROMBOEMBOLIC PHENOMENA 


Theis, F. V.: Thrombosis of the Terminal Aorta. 
Surg., Gynec. & Obst. 95: 505 (Oct.), 1952. 
Thrombotic occlusion of the terminal aorta is a 

definite entity that occurs with sufficient frequency 

to justify its recognition. An experience with 29 

such cases is reviewed by the author. 

Of interest is the fact that 86 per cent of the pa- 
tients were under 60 years of age. Also hypercholes- 
terolemia of over 300 mg. per cent was noted in 62 
per cent of the cases. 

The feature responsible for delay or error in 
diagnosis is the insidious nature of the onset. Only 
10 per cent had an acute onset, and the average case 
had had symptoms for over three years. Often when 
the onset was acute, the process was mistakenly 
called embolic. 

The chief symptoms are intermittent claudica- 
tion—usually bilateral—fatigability and pains in the 
hips and thigh muscles. 

On physical examination peripheral arterial 
pulsations are found to be absent, and the oscillo- 
metric readings approach zero at all levels of the 
extremities. The oscillometric curves are thought to 
be pathognomonic. Roentgen examination may 
reveal calcification in the aorta. Skin temperatures 
of the toes and feet may be normal if good collateral 
pathways are present. Rarely are aortograms neces- 
sary for diagnosis. 

Necropsy reveals that the primary trouble is 
always in the aorta. It consists of atherosclerosis and 
arteriosclerosis of the aortic wall with resultant 
thrombosis in the lumen. The aortic wall damage 
often extends well above the level of the thrombosis. 
Because of this feature surgical resection of the 
terminal aorta as recommended by Leriche is not 
advocated. 


Bilateral lumbar sympathectomy has been of 
value in improving the circulation to the feet. This 
is particularly true in those cases in which the 
arteriosclerotic process is limited to the aorta. 
Dietary restrictions in order to lower the blood 
cholesterol have been followed by some improvement 
and may be worthwhile. Anticoagulant drugs are 
thought to be of little value in the cases with an 
insidious onset. 

FROBESE 


VASCULAR DISEASE 


Silbert, S., Lippmann, H. I., and Gordon, E.: 
Ménckeberg’s Arteriosclerosis. J.A.M.A. 151: 
1176 (April 4), 1953. 

Mo6nckeberg’s arteriosclerosis is a clinically benign 
form of calcification of the blood vessels. Needless 
anxiety results from failure to differentiate this 
condition from intimal arteriosclerosis. The clinical 
picture in 53 cases of Ménckeberg’s arteriosclerosis 
is presented. Characteristic of the disease is extreme 
calcification of the arteries of the lower extremities 
in persons who have no symptoms or signs of im- 
paired circulation. The prognosis in Ménckeberg’s 
arteriosclerosis is good, and no treatment of any 
kind is necessary. Nocturnal leg cramps occur in 
one-third of the cases and can be promptly relieved 
by calcium lactate given orally. It is pointed out that 
pathologically Ménckeberg’s arteriosclerosis is 
characterized by the deposit of calcium in the media 
of the arteries with no thickening of the intimal layer 
and no narrowing of the blood vessel lumen. The 
surface of the intima remains uninjured and throm- 
bosis does not occur. Roentgenologically typical 
cases show dense uniform calcification in contrast to 
the patchy, dispersed, longitudinal axis type of de- 
position in intimal arteriosclerosis. 

KITCHELL 


Soffer, A., and Sweet, R. B.: Effect of Position 
Changes of the Lower Extremities during Vaso- 
motor Block. J.A.M.A. 151: 1191 (April 4), 1953. 
Changes in the position of the lower extremities 

during vasomotor block are of particular importance 

(1) if the patient has a low cardiovascular reserve, 

(2) if the vasoregulatory mechanism of both the 

upper and lower extremities is simultaneously 

impaired, and (3) if the position shift is made 
suddenly. Three cases are reported where sudden 
drops of blood pressure occurred when the patients’ 
legs were suddenly dropped to the horizontal position 
from either Trendelenburg or lithotomy positions. 

Sudden dropping of both legs to the horizontal 

level when one patient was transferred to the 

portable stretcher probably contributed to his 
death. It is suggested that hypotensive or total 
spinal anesthesia be attempted only after a thorough 

search for occult cardiovascular abnormality. A 

discussion of the value of position shifts of the 
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lower extremities in the diagnosis and surgery of 
pheochromocytoma is also discussed. The authors 
point out that during such anesthesia, depression or 
elevation of the lower extremities may be utilized to 
lower or raise the subject’s blood pressure as the 
situation demands. One must be constantly aware of 
the drastic circulatory changes that may ensue if 
these position shifts are produced or resolved sud- 
denly and without continuous observation. 
KITCHELL 


Berkman, J., Rifkin, H., and Ross, G.: The Serum 
Polysaccharides in Diabetic Patients with and 
without Degenerative Vascular Disease. J. Clin. 
Investigation 32: 415 (May), 1953. 

The authors measured the total nonglucosamine 
polysaccharides bound to serum protein, serum 
glucosamine, mucoprotein, and the nonglucosamine 
polysaccharides in the mucoprotein fraction of 
serum. The patient group consisted of 15 nondiabetic 
controls, 66 diabetics of whom 14: were clinically 
uncomplicated, 18 had degenerative vascular disease 
without renal impairment, and 34 had vascular 
disease and hypertension, proteinuria, and renal 
insufficiency. In addition, 10 nondiabetic patients 
with renal disease were also studied. 

It was found that diabetic patients without clin- 
ically detectable degenerative vascular disease had 
normal concentrations of these polysaccharides. 
However, in diabetic subjects with vascular disease 
the total polysaccharides bound to proteins and to 
serum glucosamine were increased. Renal involve- 
ment did not seem to influence these values signif- 
icantly. There was no relationship between the 
blood sugar levels and various serum polysaccharide 
substances. 

These results may reflect the degenerative altera- 
tions widespread in blood vessels and other struc- 
tures which are characteristic of the changes in 
arteriosclerosis because the presence of the primary 
metabolic defect in diabetes did not lead to an 
increased level of certain polysaccharides in the 
sera. These results do not exclude the possibility of 
a relationship of these polysaccharides to the even- 
tual development of specific glomerular and retinal 
capillary deposits of hyaline material. 

| WaIFE 


Jackson, A., and Kass, I.: The Relationship Between 
Periarteritis Nodosa and Sarcoidosis. Ann. Int. 
Med.38: 288 (Feb.), 1953. 

The findings in five proved cases of periarteritis 
nodosa and one of sarcoidosis are described. The 
similarities of the etiologic, clinical, biochemical, 
histologic, and therapeutic aspects of both entities 
are emphasized. It is considered very likely that 
periarteritis nodosa and sarcoidosis are not two 
distinct and separate entities but constitute different 
stages of the same disease entity. This entity should 


be labeled “hypersensitivity granuloma,’ acute or 
chronic, perivascular or extravascular. 
WENDKOS 


Constantinides, P.: Mast Cells and Susceptibility 
to Experimental Atherosclerosis. Science 117: 
505 (May 8), 1953. 

Because experimental atherosclerosis can be 
easily produced in rabbits but not in rats, and be 
cause heparin may retard the development o 
atherosclerosis in cholesterol-fed rabbits, the 
author studied the distribution of mast cells in 
organs from these two animal species, because 
heparin is very likely produced by these cells 
Various sections of the organs were stained and 
mast cells identified on the basis of their meta- 
chromatic granules. It was found that, with the 
exception of the brain and spleen, which contained 
no mast cells, the connective tissue in all othe 
organs of the rat was constantly supplied with 
mast cells. They were extremely abundant in the 
thymus and skin and numerous in the circulatory, 
respiratory, and urinary systems. However, with 
the exception of the skin, skeletal muscle and heart, 
no mast cells were found in the other organs of the 
rabbit. 

Examination of the formalin-alcohol-fixed organs 
by a new differential tissue stain, which selectively 
stains mast cells, confirmed these findings. Older 
reports show that mast cells occur abundantly in 
rats, dogs, goats, and bovines but sparsely in 
rabbits, birds, and cats. The author feels that it is 
possible that human atherosclerosis may be related 
to a mast cell deficiency. 

WAIFE 


Gordon, D. B., Glasher, H., and Drury, D. R.: Size 
of the Largest Arterio-Venous Vessels in Various 
Organs. Am. J. Physiol. 173: 275 (May), 1953. 
A method based on a surface tension effect which 

opposes the perfusion of air through small blood 

vessels was used to measure the internal diameter of 
the largest blood vessels connecting arteries and 
veins of any particular organ. Large anastomoses 
are present in the rat’s hind legs, rat’s tail and 
dilated vessels of the rabbit’s ear. In kidney, intes- 
tines and lungs the largest vessels did not exceed 

25 » and most were 13-16 u. Liver vessels are midway 

between kidney, intestines and lungs on one hand 

and limbs on the other. 


OPPENHEIMER 


OTHER SUBJECTS 


Orloff, J., Kennedy, T. J., Jr., and Berliner, R. W.: 
The Effect of Potassium in Nephrectomized Rats 
with Hypokalemic Alkalosis. J. Clin. Investiga- 
tion 32: 538 (June), 1952. 

It has been suggested that a shift of hydrogen 
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ions into muscle cells in exhange for potassium is the 
basis of extracellular alkalosis. These authors studied 
the acute effect of the administration of potassium 
to nephrectomized rats with hypokalemic alkalosis. 
These animals were fed a diet deficient in potassium 
and were given desoxycorticosterone acetate. It 
was found that intravenous potassium salts after 
nephrectomy resulted in an uptake of potassium by 
the muscle cells. There was also a fall in the bicar- 
bonate concentration and in the plasma pH. Thus, 
the disappearance of the alkalosis on administration 
of potassium was not due to renal activity, and the 
hypothesis attributing the alkalosis to a net loss of 
acid from the body is incorrect. This is apparently 
an extracellular alkalosis and is associated with 
intracellular acidosis resulting from the transfer of 
hydrogen into the cells in exchange for potassium. 
WAIFE 


Carroll, D., Cohn, J. E., and Riley, R. L.: Pulmonary 
Function in Mitral Valvular Disease: Distribution 
and Diffusion Characteristics in Resting Patients. 
J. Clin. Investigation 32: 510 (June), 1953. 
Respiratory physiologic studies were performed 

on 29 patients with mitral valvular disease. All but 

one had mitral stenosis with or without mitral 
insufficiency. There was a close correlation between 
clinical dyspnea and the presence or absence of 
respiratory function. Thus, dyspnea was most severe 
in patients with evidence of impaired diffusion of 
oxygen and the abnormal distribution of gas and 
blood to the alveoli. Impaired distribution appeared 
to be related to the presence of at least minimal 
pulmonary edema. On the other hand, impairment 
of diffusion was a result of structural or functional 
changes in the capillaries. The abnormalities of 
distribution and diffusion existed independently. In 
far advanced disease there are abnormalities in all 
aspects of pulmonary function. With the persistence 
of mitral stenosis and the development of vascular 
hypertension, abnormalities of alveolar function 
appear. These may take the form of an abnormality 
in distribution which is manifest by an elevation of 
the dead space ratio or the ratio of venous admixture 
to total blood flow. Such an alteration is associated 
with a reduction in vital capacity and in maximal 
breathing capacity, and probably occurs as a result 
of vascular congestion. In other cases, a low diffusing 
capacity may result from structural changes on the 
diffusing surface or, conceivably, from vasomotor 
changes altering blood flow in some capillaries. 

WAIFE 


Witham, A. C., Remington, J. W., and Lombard, E. 
A.: Cardiovascular Responses to Rattlesnake 
Venom. Am. J. Physiol. 173: 535 (June), 1953. 
Small amounts of venom produce vasodilation 

with fall in blood pressure, tachycardia and brief 

increase in cardiac output, contraction of the spleen 


which increased the hematocrit and specific gravity 
of blood, electrocardiographic changes and a pro- 
longed ejection time. When injections of venom are 
continued, arterial pressure remains low, petechiae 
appear, the lower intestine is congested, and dyspnea, 
reduced coagulation of blood and low cardiac output 
supervene. 
OPPENHEIMER 


White, P. D.: Changes in Relative Prevalence of 
Various Types of Heart Disease in New England. 
J.A.M.A. 152: 303 (May 23), 1953. 

Rheumatic heart disease, formerly in first place 
(1923), has now dropped to third place (1953) (from 
39.5 per cent to 23.5 per cent). Dr. White believes 
this drop in rheumatic heart disease to be more 
related to improvement in social conditions and in 
the way of life than with specific therapy or anti- 
biotics. He bases this on the fact that the decrease 
began before preventive measures came into use. 
It is possible also that the natural history of the 
disease with a spontaneous reduction might explain 
some of the change. The second striking change has 
been the great increase in coronary heart disease 
which has come from 20.2 per cent (or third place) 
to 48.5 per cent (now first place). The third change 
is the striking decrease in morbidity and mortality 
from cardiovascular syphilis (from 3.9 per cent to 
1 per cent). The fourth interesting change is the 
apparent remarkable increase of congenital cardio- 
vascular disease from 1.5 per cent to 7.9 per cent. 
This increase probably is not real and may be ex- 
plained by more accurate diagnosis and by the fact 
that more congenital heart cases are brought for 
examination nowadays. Fifth, owing to improve- 
ment in the recognition and éarly adequate therapy 
of thyrotoxicosis, thyrotoxic disease has dropped in 
relative incidence from 2.9 per cent to 0.5 per cent. 
Dr White feels that more research will be needed to 
determine with accuracy the absolute prevalence of 
the types of heart disease in New England as well as 
elsewhere. 

KiITcHELL 


Rosenbaum, J. D., Nelson, W. P. III, Strauss, M. 
B., Davis, R. K., and Rossmeisl, E. C.: Variation 
in the Diuretic Response to Ingested Water Related 
to the Renal Excretion of Solutes. J. Clin. In- 
vestigation 32: 394 (May), 1953. 

The administration of a large amount of water to 
normal subjects results in the copious excretion of 
diluted urine. Some of the factors which influence 
the magnitude of this diuresis in normal man are 
discussed in this paper. Among such influences are 
the postural effects, the dietary intake of sodium, 
and the administration of various solute loads. In 
three normal men and seven male patients with 
diseases which did not affect the renal or cardio- 
vascular systems, the effect of 1500 ml. water drunk 
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during a 10 to 40 minute period was studied. 
Throughout the experiment the water load was 
maintained by oral administration of enough water 
after each voiding to restore body weight to its 
previous values. This load was maintained for 
periods of from four to nine hours. 

With the subject seated the rates of urine flow 
and sodium excretion declined during the course of 
the experiment. In four of five experiments, when 
the subject subsequently reclined, augmentation of 
urine flow and sodium excretion was observed. The 
diuresis was also affected by the dietary intake of 
salt. Furthermore, the ingestion of sodium chloride, 
sodium bicarbonate, potassium chloride, ammonium 
chloride or urea was associated with an augmented 
urine flow and solute excretion. The urine flow was 
rather consistently related to the parallel excretion 
of sodium. There was evidence that contraction of 
the effective extracellular volume produces minimal 
antidiuretic hormone activity despite continued 
hypotonicity. This also suggests that diuresis alter- 
ations may be related to sodium excretion changes. 
The urine flow was more closely related to renal 
tubular absorption of water than to glomerular fil- 
tration rate. 

WAIFE 


Maloney, J. V., Elam, J. O., Hardford, S. W., Balla, 
G. A., Eastwood, D. W., Brown, E. S. and Ten 
Pas, R. H.: Importance of Negative Pressure 
Phase in Mechanical Respirators. J.A.M.A. 152: 
212 (May 16), 1953. 

Although either the intermittent positive or the 
positive-negative type respirators may be safely 
applied on patients who are in an essentially normal 
circulatory state, the effects of respirators in emer- 
gency situations are not predictable on the basis of 
studies in normal persons. In patients with respira- 
tory and/or circulatory failure intermittent positive 
pressure-type respirators may cause a depression of 
blood pressure and cardiac output threatening the 
life of the patient. The use of alternating positive- 
negative pressure type respirators permits admin- 
istration of artificial respiration without danger. 
Since the circulatory status of patients in need of 
artificial respiration is not uniformly good, it is 
recommended that a negative pressure phase be 
employed in mechanical respirators. Such apparatus, 
with alternating positive and negative pressure, and 
having a mean mask pressure at least as low as 
atmospheric pressure, is safe and effective in produc- 
ing artificial respiration. 

KITcHELL 


Case, R. B., Sarnoff, S. J., Waithe, P. E., and Sarnoff, 
L. C.: Intra-Arterial and Intravenous Blood Infu- 
sion in Hemorrhagic Shock. J.A.M.A. 152: 208 
(May 16), 1953. 

The use of intra-arterial blood transfusion has in 
recent years acquired an increasing vogue in the 


therapy of oligemic shock. Those favoring the use 
of this procedure feel that it more quickly and 
effectively elevates tissue perfusion rates, especially 
coronary artery flow. Rapid intra-arterial and intra- 
venous infusion of blood and dextran were admin- 
istered to dogs in controlled hemorrhagic hypoten- 
sion. These were given alternately in equal amounts 
and at similar rates. It was found that the intra- 
arterial route did not elevate coronary flow or 
arterial pressure either more rapidly or more effec- 
tively than the venous route. It is suggested that 
although insufficiency of coronary flow may be an 
important complicating factor in severe oligemic 
shock, intra-arterial infusion is no more effective 
than intravenous infusion in correcting that in- 
sufficiency. 
KITCHELL 


Blakemore, W.S., Dumke, P. R., and Rhoads, J. E.: 
Gangrene Following Intra-Arterial Transfusion. 
J.A.M.A. 151: 988 (March 21), 1953. 

Two cases of gangrene in the upper extremity 
following intra-arterial transfusion are reported. 
One of these involves a transfusion into the brachial 
artery, the other a transfusion into the radial 
artery. The authors discuss methods of avoiding such 
complications and point out that in elective cases 
circulation in the hand may be pretested by occlusion 
of the arterial flow to the elevated hand for several 
minutes. The hand is then lowered while the radial 
artery remains occluded by digital pressure. If a 
flush appears in the medial portion of the hand while 
the index finger and thumb remain pale, it may be 
evidence of poor collateral circulation and under 
such circumstances the femoral artery may be a 
better choice. The facts that centripetal transfusions 
have been reported harmful to patients with dam- 
aged myocardiums and that animal experiments 
have pointed out the risk of cardiac and cerebral 
damage following overtransfusion are emphasized. 

KITCHELL 


Evans, J. A., Rubitsky, H. J., and Perry, A. W.: 
Treatment of Diffuse Progressive Scleroderma. 
J.A.M.A. 151: 891 (March 14), 1953. 

Systemic scleroderma is primarily a collagenous 
disease of unknown origin with a secondary vascular 
role. Release of vascular tone has an amelioratory 
influence in about 88 per cent of the patients where 
the involvement is in the face, yoke, various skin 
areas, esophagus, and larynx. Extensive sympathec- 
tomy seems more beneficial than any drug therapy. 
When the face, yoke and arms are involved, but not 
the esophagus, sympathectomy from the first to the 
fifth thoracic segments is of value. However, when 
the esophagus is involved, and where the face also is 
involved, sympathectomy of the first to the twelfth 
thoracic segments is necessary. A gap is left on one 
side supplying the greater splanchnic nerve to 
prevent a possibly incapacitating postural hypoten- 
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sion in the normotensive patient. The authors dis- 
cuss the failure of treatment with drugs such as 
para-aminobenzoic acid, diphenhydramine, testos- 
terone, corticotropin, cortisone, priscoline and 
antibiotics. Alpha tocopherol, glucosulfone sodium, 
vitamin C, nicotinic acid, ergosterol, bismuth sodium 
triglycalomate, erythrityl tetranitrate, and typhoid 
vaccine were tried without any lasting benefit. 
Patients with primary Raynaud’s disease and mild 
secondary scleroderma of the hands without facial 
or yoke involvement are now advised to undergo 
sympathectomy of the first to the ninth thoracic 
segments. 


KitTcHELL 


Lambert, E. C., Shumway, C. N., and Terplan, K.: 
Clinical Diagnosis of Endocardial Fibrosis. 
Pediatrics 2: 255 (Mar.), 1953. 

Evidence is presented which indicates that endo- 
cardial fibrosis is a relatively common cause of 
death from heart disease in infancy and that a 
presumptive diagnosis of this condition can often be 
made during life. The salient features are: age under 
1 year, marked dyspnea without persistent cyanosis, 
absence of a loud cardiac murmur on repeated 
examinations, enlargement of the heart, presence of 
femoral pulsations, and electrocardiographic evi- 
dence of left ventricular hypertrophy in the pre- 
cordial leads. The chief conditions to be considered 
in the differential diagnosis are: an aberrant coronary 
artery, interstitial myocarditis, and glycogen storage 
disease of the heart, all of which are much less fre- 
quent in the autopsy data. Four cases are presented 
in detail. In two of these the diagnosis was correctly 
made before death. 

BERNSTEIN 


Hoffman, E., and Rochberg, S.: The Hypersensitive 
Carotid Sinus Reflex. Am. J. Surg. 84: 693 (Dec.), 
1952. 

A carotid sinus reflex may occur in a patient during 
operation, and if unrecognized as such it may be 
diagnosed as cardiac standstill and will be treated 
as such. This reflex may arise in a patient without a 
previous history of a hypersensitive carotid sinus. 

The reflex may be described as: reflex vagal 
stimulation with bradycardia, asystole, cardiac 
arrhythymia, fall in blood pressure, cerebral anoxia, 
and finally convulsions and coma which may arise 
entirely or partly from stimulation of the hypersen- 
sitive carotid sinus. Operations in the neck on or 
about the internal carotid bulb are the most likely 
to be complicated by this reflex. 

After recognition of the presence of such a reflex, 
one should immediately stop the operative proce- 
dure. Any packs, instruments, or other pressure 
should be removed from the proximity of the sinus. 
The anesthesia should be stopped, and the patient 
should be placed in the Trendelenburg position. 
Then 1 per cent procaine should be injected about 


the carotid sinus. This therapy is usually effective. 
Drug therapy such as atropine sulfate, epinephrine, 
or ephedrine is usually of no value. Prophylactically 
the use of barbiturates preoperatively aids in 
diminishing the vagal and depressor types of reac- 
tion to stimulation of the sinus. 

A case in point with a successful outcome from the 
prescribed management is presented. 

Lahey has suggested the use of a needle intro- 
duced into the myocardium to differentiate hyper- 
sensitive carotid sinus reflex from cardiac arrest. In 
the latter no motion of the needle hub is noted, and 
therapy for cardiac arrest can be instituted at once. 

FROBESE 


Parkins, W. M., Perlmutt, J. H., and Vars, H. M.: 
Dextran, Oxypolygelatin and Modified Fluid 
Gelatin as Replacement Fluids in Experimental 
Hemorrhage. Am. J. Physiol. 173: 403 (June), 
1953. 

The authors used a controlled hemorrhage and 
either replaced the blood immediately or replaced it 
after one hour of hypotension at 30 to 35 mm. Hg. 
Bleeding volume index is the ratio of bleeding volume 
before and after hemorrhage and replacement. When 
blood was replaced immediately there were no 
significant differences between the three colloids. 
When hypotension was present for an hour before 
infusion heparinized blood and modified fluid gelatin 
permitted all animals to survive. Protection was 
incomplete with the other substances. The bleeding 
volume index for modified fluid gelatin was almost 
as good as that for blood. 

OPPENHEIMER 


Bland, J. H.: Regulation of Fluid and Electrolyte 
Balance in Aged Persons. J. Am. Geriatrics Soc. 
1: 233 (April), 1953. 

The kidney constitutes the main defender of the 
constancy of the internal environment in regard to 
volume concentration, composition and pH. The 
aged patient lives in a narrower homeostatic balance 
than does the younger patient. A considerable factor 
in this narrow balance is the impairment of renal 
function; the kidneys may serve satisfactorily in 
the absence of distressful disease, but break down 
rapidly and more completely when disease develops. 

The aged diabetic patient with ketosis responds 
more slowly to acid stress than does the younger 
diabetic. The tubular cells increase their excretion 
of titratable acid and ammonia to recover base, 
sodium, potassium and calcium used in the neu- 
tralization of ketone bodies. In the aged patient 
with relative or absolute renal insufficiency, the 
tubular ability to recover base is impaired or loaded 
to capacity early in ketosis. His acidosis, therefore, 
is not as well compensated; and the dehydration 
consequent upon decreased fluid intake and vomit- 
ing more rapidly produces a decline in plasma volume 
and hypotension, and a further decrease in the al- 
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ready reduced glomerular filtration rate. Thus 
therapy is more urgent in the older than in the 
younger patient and prophylaxis becomes all the 
more important. The aged patient with congestive 
heart failure already has a reduction in his glo- 
merular filtration rate, before congestive heart 
failure occurs. With a further decline in renal blood 
flow consequent upon congestive failure, the total 
volume of filtrate may be strikingly low. The differ- 
ing manifestations of congestive failure in the aged 
are due in great part to variation in the responsive- 
ness of his kidney. 
BERNSTEIN 


Lefkow, H., and Martucci, A. A.: Modern Rehabili- 
tation Following Cerebral Hemorrhage or Throm- 
bosis. J. Am. Geriatrics Soc. 1: 245 (April), 1953. 
Recovery from the acute catastrophe of a stroke 

is not the end of modern medical responsibility. 
A new vista in rehabilitation has been opened up 
and under the intensive regimen of physical medi- 
cine, treatment is now continued until the disabled 
person has been trained to live and to work at the 
optimum level of his remaining capacities. Inasmuch 
as stroke is a frequent, if not the most frequent 
cause of chronic disability in the aged, the impor- 
tance of this work is obvious. 

A program of rehabilitation is presented, which 
is at present in actual use, and which has served to 
improve both the prognosis and the speed of im- 
provement in patients following a stroke. 

BERNSTEIN 


Muirhead, E. E., Stirman, J. A., Jones, F., Lesch, 
W., Burns, M., and Fogelman, M. J.: Cardio- 
vascular Lesions Following Bilateral Nephrectomy 
of Dog. Arch. Int. Med. 91: 250 (Feb.), 1953. 
The cardiovascular lesions of the dog following 

bilateral nephrectomy result from injury of the 

cardiac muscle, of the smooth muscle of the media 
of small arteries and arterioles and the reparative 
changes which the injury stimulates. A spectrum 
of changes is observed from necrosis to fibrosis 
of the heart and sclerosis of the arteries. Demon- 
stration of the healed sclerotic phase of the vascular 
lesions has resulted mainly from the prolonga- 
tion of life of the animals by means of dialyzing 
procedures. The myocardial injury is a direct 
one, as indicated by the equal frequency of car- 
diac and of vascular lesions and, more emphatically, 
by the dissociation of the occurrence of cardiac 
necrosis and fibrosis and lesions of small coronary 
arteries and arterioles. It is evident that the cardio- 
vascular lesions in these experiments should be con- 
sidered as one entity and that emphasis should not 
be confined to the vascular lesions. Hypertension is 
not essential for the development of these lesions. 
The occurrence of hypertension is associated with 
a significant increment in the incidence of the lesions. 


The lesions occur in the absence of excessive reten- 
tion of fluid in the body as judged by fluid-balance 
studies and the body weight. The role of several 
additional factors in the incidence of the lesions is 
considered. The data is discussed in relation to the 
three most attractive concepts of pathogenesis of 
the lesions, namely the toxic, electrolytic, and 
metabolic concepts. 
BERNSTEIN 


Melrose, D. G., and Wilson, A. O.: Intra-arterial 
Transfusion. The Potassium Hazard. Lancet 1: 
1266 (June 27), 1953. 

The high concentration of potassium in the plasma 
of stored blood is presented as a hazard of its intra- 
arterial transfusion. Decanting the plasma and re- 
constituting with saline solution is suggested. 

McKvusick 


Sherber, D. A., and Levites, M. M.: Hypercho- 
lesteremia. J. A. M. A. 152: 682 (June 20), 1953. 
In a survey of the serum cholesterol levels in 960 

consecutive patients admitted to the medical 

services of Fordham Hospital 13.7 per cent were 
found to have serum cholesterol values of 300 mg. 
per 100 ml. or over; 69.5 per cent of patients with 
hypercholesteremia had cardiovascular disease, and 
20.7 per cent had diabetes. The authors discuss the 
effect of a polysorbate 80-choline-inositol complex 
on the serum cholesterol and protein-bound iodine 
levels and the urinary cholesterol, 17-ketosteroid, 
and formaldehyde steroid excretion in 16 hyper- 
cholesteremic patients. In 15 of the 16 studied a sig- 
nificant drop in the serum cholesterol level asso- 
ciated with a rise in the output of urine cholesterol 
and formaldehydrogenic steroids was observed. The 

authors feel that the use of the polysorbate 80- 

choline-inositol complex has given some indication 

of the role of the adrenal cortex in the control of 
cholesterol metabolism and the influence of the 
state of the serum cholesterol emulsion on adrenal 
cortical function. 

KITCHELL 


Poliakoff, H., and Kaufman, P.: Studies On the 
Aging Heart. Arch. Int. Med. 91: 767 (June), 
1953. 

In a study of 800 consecutive autopsies of patients 
over the age of 60 years, 5 per cent or 40, were found 
who did not show any gross evidence of coronary 
arteriosclerosis, myocardial fibrosis, hypertrophy, 
or other heart disease. Neither did any of these 
patients present significant premortem clinical, 
anatomic, or functional defects on physical, roent- 
genologic, or electrocardiographic examination. The 
congruity of the data obtained by the different 
methods of examination is considered significant. 
Two conclusions can be drawn: (1) Even after the 
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age of 60 most anatomically normal hearts are 
usually functionally normal too. (2) Clinical, roent- 
genologic, and electrocardiographic methods of 
study, if critically appraised, usually give a fairly 
accurate differentiation between the “normal” and 
the “abnormal’’ heart in the aging person. 
BERNSTEIN 


Bennett, I. L., Jr., Guze, L. B., and Roberts, E.: 
The Effect of a Bacterial Pyrogen upon the Ex- 
perimental Cardiovascular and Renal Lesions of 
Anaphylactic Hypersensitivity. J. Lab. & Clin. 
Med. 41: 559 (April), 1953. 

The present investigation was undertaken to de- 
termine the effect of pyrogen treatment upon the 
development of histologic changes in rabbits sub- 
jected to the serum sickness type of protracted 
anaphylactic reaction. These lesions consist of 
arteritis, carditis, and glomerulonephritis. 

Of 60 rabbits sensitized with horse serum, 30 
were given 14 daily injections of a pyrogenic Pseudo- 
monas concentrate, with the remaining 30 rabbits 
serving as controls. At autopsy no difference in the 
incidence of cardiovascular and renal lesions was 
found in the two groups of rabbits. There were no 
impressive differences in precipitin titers or skin 
reactions to horse serum in pyrogen treated and 
control animals. 

It was concluded that in the dosage used in this 
study, the pyrogen exerted no significant adreno- 
cortical stimulatory effect. This is based on the 
known efficacy of corticotropin in suppressing the 
development of cardiovascular and renal lesions in 
anaphylactically sensitized animals, as well as the 
absence in pyrogen treated animals of characteristic 
morphologic changes which result from corticotropin 
administration. 

MINtTz 


Bigelow, N. H.: Paradoxic Embolism. Am. J. Med. 

14: 648 (May), 1953. 

The author reports a case of paradoxic embolism 
with postmortem verification. Following operation 
the patient developed thrombophlebitis in the deep 
veins of the calf of the right leg. Emboli from this 
leg were discharged into the venous system and be- 
came lodged in the pulmonary artery. Other emboli 
passed through the patent foramen ovale and entered 
a branch of the left renal artery to produce an in- 
farct in the left kidney. Another long and roughly 
conical embolus, too large at its base to pass com- 
pletely through the opening, became caught in the 
formane ovale and was found at autopsy. Less than 
40 acceptable instances of thrombotic emboli which 
have passed through a patent cardiac septal defect 
have been reported. The author also reviews the 
factors necessary for the occurrence of paradoxic 
embolism. 


Harris 


Hernandez, F. A., and Saslaw, M. S.: A Pyrogen- 
like Complication of Cardiac Catheterization: Its 
Pathogenesis. Am. J. M. Sc. 225: 626 (June), 
1953. 

The authors observed a pyrogenic response charac- 
terized by severe chills, fever, prostration, head- 
ache, and back pain following cardiac catheterization 
in 9 of 11 patients with mitral stenosis. Efforts were 
made to eliminate these reactions and were finally 
successful when the catheters were repeatedly 
washed with sterile saline and then suspended for 
30 minutes in Detergicide after which they were 
flushed for one hour in tap water and then dried by 
suction. Prior to use, they were again flushed with 
Detergicide and rinsed several times with sterile 
saline. In considering the cause of these reactions, 
it was suggested that a heat-labile plasma trans- 
fusion reaction factor may be responsible. This factor 
has been described as a cause of certain pyrogenic 
reactions which follow the transfusion of whole 
blood. According to the authors in mitral stenosis, 
the patients may exhibit an increased sensitivity 
to this plasma transfusion reaction factor. 

SHUMAN 


Nardi, G. L.: Perforation of the Aorta by Benign 
Esophageal Ulcer. New England J. Med. 248: 
820, 1953. 

The case of a woman aged 63 years is reported. 

Shortly after operative treatment for a perforated 


duodenal ulcer the patient vomited a large quantity 
of blood and died. Examination disclosed that a 
benign penetrating ulcer of the eosphagus, con- 
tained within a large hiatus hernia, had eroded the 
wall of the aorta. Such a spontaneous perforation 
of the aorta by a benign esophageal ulcer is said not 
to have been reported previously. The author postu- 
lates that contiguity of the esophageal ulcer and the 
aorta led to thrombosis of the vasa vasorum, lead- 
ing to interference with the blood supply of the 
aorta and ultimate perforation due to pressure of 
the hiatus hernia. 


ROsENBAUM 


Sancetta, S. M., Hackel, D. B., and Lynn, R. B.: 
Subendocardial Trauma Produced by Right- 
Sided Catheterization of the Heart in Man. Am. 
Heart J. 45: 491 (Apr.), 1953. 

Two instances of subendocardial trauma produced 
by right-sided catheterization of the heart in man 
are reported. Confirmation in the first case was ob- 
tained at post mortem by finding a circular solitary 
bright red subendocardial hemorrhage on the 
anterolateral wall of the right atrium which exactly 
matched the tip of the catheter used. The diagnosis 
of subendocardial trauma in the second case was 
based on the production of a right bundle branch 
block which lasted for six days. 

RINZLER 
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Congenital Anomalies of the Heart and Great Ves- 
sels. Maurice A. Schnitker, M.D. New York, 
Oxford University Press, 1952. 306 pages, 19 
figures, 12 tables. $8.00. 

A critical evaluation of this type of book is diffi- 
cult in that its values and limitations differ depend- 
ing on the purpose it is intended to serve. The book 
is addressed by the author to the “practicing physi- 
cian.”’ If this physician is interested in a reading 
knowledge of congenital heart disease, the book is 
an excellent source, both for actual information and 
for other references. If, however, he desires a de- 
tailed working knowledge, the book must be con- 
sidered to have certain important limitations. 

The organization of the material is good, starting 
with embryology and continuing with discussions 
of the noncyanotic and cyanotic defects according 
to the usual classification of congenital cardiovas- 
cular defects. A wealth of information is included 
in this concisely written book. But how practically 
useful it might be may be questioned. For example, 
x-ray and electrocardiographic word-descriptions 
are given, yet not one illustrative case is shown 
throughout the entire book. 

The literature on congenital heart disease is 
widely quoted, yet one might somehow wish that 
the author had cited some of his own personal ex- 
periences since these always add a more critical per- 
spective. Furthermore, in citing the literature there 
is always the danger of either misinterpretation or 
misquotation. A number of such errors are to be 
found. For example, in the discussion on tetralogy of 
Fallot it is stated that identical pressures in the 
aorta and right ventricle mean the coexistence of 
pulmonary stenosis; this is an important misstate- 
ment. Other references, as for example to the results 
and importance of the standard exercise test, are 
likely to lack clarity for the uninitiated without study 
of the original papers. Another possible criticism 
is that the “practicing physician” is not given a 
critically clear idea of when the various studies such 
as cardiac catheterization or angiocardiography 
should be done or of their precise value in particular 
situations. Such correlative information would be 
of inestimable value particularly to the physician 
who is trying to learn his way amid the highly tech- 
nical problems of this subspecialty. Again one might 
wish that the diagnostic as well as the surgical con- 
siderations had been discussed from the author’s 
own personal experience instead of being drawn 
quite so heavily from a review of the literature re- 
gardless of how well the latter had been done. 

The book is nicely printed and includes in a rela- 
tively short space a great deal of information and a 
good selection of references. It is hardly an authori- 





tative source for specialists in the field, but will help 
orient the beginner who is sufficiently interested to 
read seriously. 

Rosert F. ZIEGLER 


Transactions of the Fifth Conference on Blood Clot- 
ting and Allied Problems. January 21 and 22, 
1952, New York, N. Y. Edited by Joseph E. Flynn. 
New York, Josiah Macy, Jr. Foundation, 1952. 
368 pages, 148 illustrations, 25 tables. $4.95. 

Like the other conferences, the fifth is well edited 
so that it reads easily with a minimum of errors. 
Also, like the other conferences, much valuable in- 
formation is found in the discussions following the 
formal presentations. 

The first 90 pages are devoted to the coumarin 
anticoagulants, including two formal presentations 
and much discussion. This includes information 
which should be of value either to the practicing 
physician or to the research worker. An excellent 
discussion of the resistance of patients to coumarin 
anticoagulants is presented along with the effect of 
vitamin K derivatives and the variability in labora- 
tory methods. The next 80 pages are concerned with 
the problem of new clotting factors involved in the 
conversion of prothrombin to thrombin. Of interest 
mainly to research workers, the formal presentation 
was given by Dr. Paul Owren who is a prominent 
worker in the field. The discussion of his paper 
portrays some of the confusion which exists in the 
field. The next 100 pages include discussions of the 
hemorrhagic syndrome produced by _ irradiation. 
In these times of the atom bomb this is a very ap- 
propriate subject. There are some interesting dis- 
cussions of the relation of the blood clotting mecha- 
nisms to hemostasis. It is emphasized, and rightly 
so, that bleeding occurs only when there is a break 
in the vascular system and that this may not neces- 
sarily be related to blood clotting, per se. Emphasis 
is also directed to the fact that very little is known 
about the factors which maintain vascular integrity. 
The next 50 pages include a discussion of the fibrino- 
lytic mechanisms in blood. It is apparent from this 
discussion that much information is lacking regard- 
ing the activators of fibrinolysin and the function of 
this enzyme in the body. 

Following the formal presentations is an appendix 
of six pages, with bibliography, which outlines the 
identity and nonidentity of nonprothrombin plasma 
factors involved in the conversion of prothrombin 
to thrombin. Included here are the various nomen- 
clatures for the factors proposed, with an attempt 
to correlate them. This is very appropriate but it is 
very likely that further changes in the ideas ex- 
pressed will be necessary. Finally, there is a very 
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good index which covers all five conferences. This 
is quite useful since much valuable material is 
found in the discussions which otherwise would be 
difficult to locate. 


ARNOLD G. WARE 


The Ballistocardiogram: A Dynamic Record of the 
Heart Beat. John R. Braunstein, M.D., Ph.D, 
Publication No. 148, American Lecture Series. 
a Monograph in American Lectures in Circula- 
tion, edited by Irvine H. Page, M.D., and by 
A. C. Coreoran, M.D., Springfield, Ill. Charles 
C Thomas, 1953. 84 pages, 41 illustrations. 
$3.00. 

This monograph is based on two lectures delivered 
at the University of Cincinnati in 1951. Within 
10 chapters are contained the valid and interesting 
opinions of the author, who has an excellent com- 
prehension of the place of the ballistocardiograph 
in medicine today. 

The history of ballistocardiography from its 
inception to its present growth is well compiled. 
The three types of instruments in use today are 
considered: the high frequency Starr table and the 
author’s modification, the low-frequency, critically- 
damped table of Nickerson, and the Dock type 
of direct recording apparatus. Too brief a statement 
is made concerning the correlation between ballisto- 
cardiograms obtained through the direct and in- 
direct methods of recording. The components of 
the ballistocardiographic complexes are discussed. 
Emphasis is placed on the importance of respiratory 
variations in the ballistocardiogram, “since mal- 
function of the left ventricle is unmasked in the 
expiratory phase.” The abnormal ballistocardio- 
graphic patterns are briefly considered and their 
clinical significance appraised. More _ illustrative 
ballistocardiograms would have added to the 
reader’s interest in this chapter. The section on 
quantitative ballistocardiography points out that 
computing cardiac output by ballistocardiography 
is beset with difficulties. The estimation of initial 
cardiac force, however, is accurate and valuable; 
and calculating the cardiac index is proving a 
valuable method of estimating the physiologic 
response of the circulatory system. The author 
has pioneered in the study of body movement in 
the lateral (x-y) plane as well as in the longitudinal 
(x-z) plane. For this purpose, an ingenious instru- 
ment was constructed, the vectoballistocardio- 
graph. The author presents, through classic dia- 
grams, the various planes of ballistocardiographic 
movement. Seven figures recorded on the screen 
of the oscilloscope serve to illustrate this new field 
of investigation, vectoballistocardiography. The 
appendix will be appreciated by the novice entering 
the field of ballistocardiography. Here is detailed a 
review of the fundamental physics of vibrating 
systems, an understanding of which is required in 
evaluating the ability of an instrument accurately 
to reproduce the forces acting upon it. 


This book will prove a valuable aid for the clearer 
understanding of ballistocardiography. 
Harry MANDELBAUM 


Pathology of the Heart. Edited by S. E. Gould, 
D.Sc. Springfield, Ill. Charles C Thomas, 1953. 
1023 pages, 609 figures, 6 plates in full color, 
37 tables. $25.50. 

This monumental book is the first of its kind in 
the English language and probably the only one in 
any language with so broad and complete an ap- 
proach to the study and presentation of cardiac 
pathology. The editor states that a deliberate 
attempt was made to emphasize throughout the 
clinical aspects of cardiac pathology. This will be 
approved by those who believe that pathology and 
clinical medicine are the same thing viewed from 
different angles. 

The book encompasses, in separate divisions, 
embryology, anatomy and cardiac physiology, 
normal as well as abnormal. There is more than 
passing mention of clinical pharmacology. For the 
cardiologist and internist it probably was an act 
of wisdom to include such subjects within a single 
cover entitled “Pathology of the Heart.” The 
trained pathologist anticipating a specialized text of 
high, possibly encyclopedic, level may be dis- 
appointed. Relatively small attention is given to 
such a fundamental phase as hypertrophy of the 
heart, unaccompanied here by any photography. 
Scant notice is taken of the pathology of chronic 
cor pulmonale which is scarcely mentioned and 
devoid of photographic support. Cardiovascular 
syphilis receives an insignificant consideration. To 
devote a page or two to syphilitic aortitis and 
aneurysm in a text of this kind calls for an explana- 
tion which probably lies in the apparent determina- 
tion of the editor to limit the discussion on pathology 
to the absolute confines of the heart structure. 
This may explain the absence of any reference to 
dissecting aneurysm of the aorta, which occasionally 
reaches the immediate neighborhood of the coronary 
arteries, and deforms the alignment of the aortic 
valve leaflets. It appears that an arbitrary demarca- 
tion in such matters is difficult and in this reviewer’s 
opinion, impractical. The close intertwining of 
function and of pathology is also the basis of our 
conception of cardiopulmonary disease, which like 
cardioaortic disease is here largely ignored. One 
could suggest fuller consideration of other subjects. 
It is curious that there is not a single photograph 
of the sinoauricular or the atrioventricular node, 
normal or in cardiac disease, aside from the rare 
mesothelioma. Generally the photography is splendid 
and ample, but it is missing in places where it would 
be helpful. The general pathologist troubled by a 
tentative diagnosis welcomes confirmatory photog- 
raphy. One should see it in the discussion on 
cardiac amyloidosis, cardiac sarcoid and _ beriberi 
heart, to mention some omissions. 

The text consists of 14 main divisions, all written 
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by contributors of high reputation. The first is an 
interesting history of the pathology of the heart 
by Krumbhaar, who is pre-eminently qualified for 
this task. The division on embryology by Patten 
contains a most instructive chapter, ““The Conver- 
sion of the Primitive Tubular Heart to its Definitive 
Chambered Condition.” Then follows a complete 
division on cardiac anatomy, then the division on 
normal cardiac physiology by Green, with its 
extensive bibliography. “Abnormal Cardiac Func- 
tion’ by the same author is in closer relationship 
to pathology and is in itself an excellent clinical 
treatise. By the same token it makes redundant 
much of the later division on “Clinicopathologic 
Correlation.” The division on congenital heart 
disease has been written by Edwards and is remark- 
able in its detail and clarity. The divisions on coro- 
nary artery disease and myocardial infarction, and 
on endocarditis and myocarditis are contributed 
by Gould and by Saphir. The modifying effect of 
the antibiotics on valvular pathology is well por- 
trayed. The chapters on trauma (Moritz) and on 
neoplasms (Saphir) are warmly recommended. 
The avowed purpose of the editor is to bring 
cardiac pathology to the clinic. This book empha- 
sizes the fact that pathology remains the keystone, 
even today, of internal medicine. It is easy in this 
vast undertaking to cite omission; time and space 
will undoubtedly correct this. Much of the result is 
already splendid and this text can well become one 
of the great landmarks in medical literature. 
BENJAMIN GOULEY 


The Heart Beat. Graphic Methods in the Study of 
the Cardiac Patient. Aldo A. Luisada, M.D. New 
York, Paul B. Hoeber, 1953. 527 pages, 273 
figures, 29 tables. $12.00. 

In the preface of this book the author points out 
that no comprehensive review of graphic methods 
of recording cardiac action had appeared since The 
Mechanism and Graphic Registration of the Heart 
Beat by Sir Thomas Lewis in 1924. The field of study 
of cardiovascular phenomena has become so broad 
that a complete review of all technics would require 
monumental effort. The author necessarily has re- 
stricted the scope of his discussion in the present 
volume, but as a result the value of the work to 
specialists in various branches of investigation is 
reduced. Dr. Luisada is well qualified to compile 
this review, for he has made personal contributions 
to the literature pertaining to most of the modern 
methods of cardiovascular study. 

The first division of the volume is devoted to a 
discussion of technics and interpretation of the 
records obtained. This is a valuable feature of the 
book. Phonocardiography, cardiography, ballisto- 
cardiography, study of arterial and venous pulses 
and pressures, plethysmography, roentgenkymog- 
raphy, electrokymography, radiocardiography, and 
electrocardiography are discussed, in addition to 


other methods less frequently employed. The wisdon 
of attempting to cover the field of electrocardiog 
raphy in about 50 pages of text might be questioned. 
Perhaps it would have been profitable to omit this 
subject and expand the discussions of other tech 
nics about which there is less information gener 
ally available. The section on phonocardiography i 
particularly interesting and informative. The ter 
minology in use for description of various com 
ponents in arterial, venous, cardiographic, hepatic 
esophageal and other types of pulse waves is com 
plex, and this presentation indicates the need fo 
simplification. Unfortunately the illustrations ar 
not well labeled inall instances, so it is difficult readily 
to pick out the characteristic waves mentioned ir 
the text. The second main section is short and re 
views physiologic variants of graphic records. A 
interesting summary of tracings in various mammal: 
is included. In the third section information whicl 
can be obtained by graphic means in common ana 
tomical and etiologic types of cardiovascular disease 
is presented in a clear and concise fashion. This 
method of presentation is unique and valuable. 

There are minor errors which should be corrected 
in future editions. The exercise tolerance test de- 
scribed is not that generally employed, the indicated 
amount of exercise being inadequate. Doubt about 
the reliability of ballistocardiographic determina- 
tion of stroke volume should be expressed, and more 
complete discussion of the ballistocardiographic 
changes in coronary disease would be desirable. 
Variation in intensity of the mitral first sound is not 
mentioned in the discussion of the complete heart 
block. References in the text to figures are incorrect 
in several instances, and there are some bibliographic 
errors. Mention of Lewis’ classic monograph invites 
comparison of the quality of printing in the two 
books. Unfortunately the present volume is not up 
to the standard of the older publication, though it 
is adequate. 

This book will be useful to those interested in 
clinical investigation of cardiovascular problems 
because it presents systematically material which 
is not readily available elsewhere. 

W. L. ProuprFit 


Transactions of the American College of Cardiology, 
Volume II, 1952. Edited by Bruno Kisch, M.D. 
New York, N. Y., Published by the American 
College of Cardiology, 1953. 252 pages, 37 figures, 
4 tables. $5.00. 

This volume of the Transactions of the American 
College of Cardiology includes the papers read at 
the meetings of June of 1952 held in New York 
City and of November 1952 held at the Yale Uni- 
versity School of Medicine. The New York meeting 
consisted generally of a symposium on heart failure 
whereas the Yale meeting concentrated on graphic 
registration in cardiovascular diagnosis and research. 
There are also included papers read at the meeting 
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of the New York Society for Circulatory Diseases 
held in June 1952 as well as a roster of the members 
of the American College of Cardiology. A short but 
excellent eulogy on the late Frank N. Wilson written 
by Charles E. Kossman, one of his outstanding 
pupils, is also presented. 

A symposium on pericarditis was marred by the 
failure of one of the participants to submit his manu- 
script. The discussion of pericarditis by Elias; Baily, 
Bolton and Donaldson; Janton; Thompson and 
Gorelick; and Dack offered a fair summary of the 
importance, the surgical methods of treatment and 
the surgical production of pericarditis for therapy. 

Rehabilitation of the cardiac was excellently dis- 
cussed in papers by Jezer and Benton. A review of 
digitalis and quinidine usage by E. R. Movitt em- 
phasized their respective places in the therapy of 
the patient with various types of heart disease. The 
dangers of hypoglycemia, precipitated by insulin, 
in producing many types of vascular accidents was 
well documented by H. D. Zucker. Surgical methods, 
indications, and contraindications for mitral com- 
misuratory were discussed by Glover, O’Neill and 
Janton. Weeks presented his results in 25 consecu- 
tive cases of hypertension who had had thoraco- 
lumbar sympathectomy. Four patients had normal 
pressure, 4 had died, 3 had higher blood pressure 
than before surgery and 14 showed blood pressure 
improvement from slight to marked. McClellan 
discussed his own experiences regarding the ad- 
vantages of spa or balneotherapy in heart disease 
as well as the contraindications to its use. 


Pordy and Chesky, and Russek, Urbach and 
Doerner used the Master two-step exercise test to 
evaluate Hydergine and heparin respectively, and 
found them both to be lacking in effectiveness when 
so tested. Gorlin presented evidence that pulmonary 
edema in patients with a narrowed mitral valve may 
be cleared by reducing the flow rate by slowing the 
ventricular rate or reducing blood flow. Bruno Kisch 
suggested the use of antipyretics to reduce fever 
and so slow the ventricular rate in patients with 
myocardial infarction. Murray Wiener presented 
a short but excellent review of the coumarin anti- 
coagulants and Richter, Swiller and Del Nunzio 
showed that in 114 cases, the sedimentation rate 
was uninfluenced by the prothrombin time in 
patients treated with Dicumarol. 

Bruno Kisch reviewed the history of graphic regis- 
tration in cardiology. This was followed by a critique 
of the Einthoven formulae by Louis Nahum. Mann 
and Graettinger discussed the problem of vector- 
cardiography too briefly for real value. Short dis- 
cussions of ballistocardiography and electrokymog- 
raphy did not do either subject justice. A method 
for calculating cardiac stroke index from pressure 
pulse contour was presented. It has however no 
clinical value. 

Several other abstracts and short papers appear. 
In all, there is very little that is new presented in 
this volume. At most one can say that several of 
the summaries may be of value for reference, but 
that on the whole the material presented is a review 
of well-known facts. 

ARTHUR BERNSTEIN 
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CircuLaTION is very glad to acknowledge the receipt of the following books. Insofar as space 
permits, as many appropriate books as possible will be reviewed. 


Hypersplenism and Surgery of the Spleen. William 
Dameshek, M.D., and C. Stuart Welch, M.D., 
Pratt Diagnostic Hospital, New England Center 
Hospital and Tufts College Medical School, Boston, 
Mass. Based on Exhibits presented at the Annual 
Meetings in 1947 and 1951 of the American 
Medical Association. Recipients in 1951 of the 
American Medical Association Silver Award. 
New York, Grune & Stratton, 1953. 84 pages, 
98 figures. $10.00. 

Headaches. Their Nature and Treatment. Stewart 
Wolf, M.D., Professor and Head of Department 
of Medicine, University of Oklahoma School of 
Medicine, and Harold G. Wolff, M.D., Professor 


of Medicine (Neurology), Cornell University 
Medical College. Boston, Little, Brown, 1953. 
177 pages, 6 figures. $2.50. 

Chronic Pulmonary Emphysema. Physiopathology 
and Treatment. Modern Medical Monographs 
No. 8 Maurice S. Segal, M.D., Clinical Professor 
of Medicine, Tufts College Medical School; Director, 
Department of Inhalational Therapy, Boston 
City Hospital; and M. J. Dulfano, M.D., Resident, 
Department of Inhalational Therapy, Boston 
City Hospital; Research Fellow in Medicine, 
Tufts College Medical School. New York, Grune 
& Stratton, 1953. 192 pages, 32 figures, 9 tables. 
$5.50. 
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Renal Cortical Necrosis of the Kidney and Con- 
cealed Accidental Haemorrhage. American Lec- 
ture Series in Circulation No. 167. H. L. Sheehan, 
D.Sc., M.D., F.RC.P., F.RC.O.G., and H. C. 
Moore, M.D., The Department of Pathology, 
University of Liverpool. Springfield, Ill. Charles 
C Thomas, 1953. 186 pages, 64 figures, 11 tables. 
$7.75. 

Der Kaffee and Das Coffein. Dr. Med. Rolf Ulrich, 
Bremen, Germany. Stuttgart, Georg Thieme 
Verlag, 1953. 68 pages. DM 2.70. 

Gout and Gouty Arthritis. Modern Medical Mono- 
graphs No. 7. John H. Talbott, M.D., Professor 
of Medicine, University of Buffalo, School of 
Medicine; Physician-in-Chief, Buffalo General 
Hospital, Buffalo, New York. New York, Grune 
& Stratton, 1953. 100 payes, 32 figures, 1 table. 
$4.00. 

Die Neuzeitlichen Brustwand und Extremitiaten- 
Ableitungern in der Praxis. Prof. Dr. Herbert 
Reindell, Dr. Helmuth Dlepzig. and Prof. Dr. 
Ludwig Heilmeyer. Stuttgart, Georg Thieme 
Verlag, 1953. 188 pages, 70 figures. DM 24.60. 

Diuretic Therapy. The Pharmacology of Diuretic 
Agents and the Clinical Management of the 
Edematous Patient. Alfred Vogl, M.D., Assistant 
Professor of Clinical Medicine, New York Uni- 
versity College of Medicine; Associate Visiting 
Physician, Third Medical Division, Bellevue 
Hospital; Associate Visiting Physician, Medical 
Division, Metropolitan Hospital, New York; 
Formerly Associate Visiting Physician, Policlinic 
Hospital, Vienna, and Clinical Assistant, Guy’s 
Hospital, Medical School, London. Baltimore, 
Williams & Wilkins, 1953. 248 pages, 5 figures, 
5 tables. $5.00. 

The Physician in Atomic Defense. Atomic Prin- 
ciples, Biological Reaction and Organization for 
Medical Defense. Thad P. Sears, M.D., F.A.C.P.., 
Associate Clinical Professor of Medicine, University 
of Colorado School of Medicine; Chief, Medical 
Service, Veterans Administration Hospital, Den- 
ver; Member of Advisory Staff to Director of 
Civil Defense, State of Colorado; Member of Dis- 
aster Commission, Colorado State Medical Society; 
Colonel (M.C.) U.S.A.R. With a Foreword by 
James J. Waring, M.D., M.A.C.P., Professor 
of Medicine, University of Colorado School of 
Medicine. Chicago, Year Book Publishers, 1953. 
308 pages, 53 figures. $6.00. 

Cardiovascular Renal Disease in Diabetes Mellitus. 
A Clinical Study. Sverre Aarseth, Oslo City Hos- 
pital, Oslo, Sweden. Published as a Supplement 
No. 281 to Acta Medica Scandinavica, Vol. 
146. Oslo, 1953. 252 pages, 65 tables, 3 figures, 
11 plates. 

Sincopes Cardiovasculares. Dr. Francisco Vega 


Diaz, Madrid. Sevilla, Madrid, Diana, Artes 
Graficas, 1953. 391 pages, 16 figures, 15 tables 


The Epidemiology of Health. A New York Academy 


of Medicine Book. Edited by Iago Galdston, 
M.D. New York, Minneapolis, Health Educatior 
Council, 1953. 197 pages. $4.00. 


Personality Manifestations in Psychosomatic III. 


ness. Visual Aid Charts to Psychotherapy. O 
Spurgeon English, M.D., Chairman, Departmen: 
of Psychiatry, Temple University Medical Schoo 
and Hospital, Philadelphia. Philadelphia, Edward 
Stern & Company, 1953. 57 pages, 10 color 
plates. $1.00. 


Inhalation Therapy and Resuscitation. Meyer 


Saklad, M.D., Director, Department of Anes- 
thestology, Rhode Island Hospital, Providence, 
Rhode Island. Springfield, Ill., Charles C Thomas, 
1953. 343 pages, 110 figures, 10 tables. American 
Lecture Series in Anesthesia No. 156. $7.50. 


Balistocardiografia Clinica. Prof. Daniele Sibilia, 


Instituto di Semsiotica Medica dell ’Universita 
di Roma. Presentazione del Prof. L. Condorelli. 
Roma, Societa Edizioni Mediche, 1953. 105 
pages, 27 figures. 


La Hipertension. Dr. Juan Govea. Jefe del Departa- 


mento de Cardiologia de la Clinica “Nuestra Sra. 
del Carmen.”’ La Habana, Editorial Faro, 1952. 
93 pages, 14 figures. 


Multiple Myeloma. J. Snapper, M.D., Director of 


Medical Education, Cook County Hospital, Chicago; 
Formerly, Director of Medical Education, Mt. 
Sinai Hospital, New York; Louis B. Turner, M.D., 
Research Assistant in Medicine, Mt. Sinai Hos- 
pital, New York; Howard L. Moscowitz, M.D., 
Residert, Second Medical Service, Mt. Sinai 
Hospital, New York. New York, Grune & Stratton, 
1953. 176 pages, 43 figures, 15 tables. $6.50. 


Stress Incontinence in the Female. John C. Ullery, 


M.D., F.ACS., F.ICS., Obstetrician and 
Gynecologist, Pennsylvania Hospital; Assistant 
Professor of Obstetrics and Gynecology, Jefferson 
Medical College; Associate in Obstetrics and 
Gynecology, Graduate School, University of Penn- 
sylvania; Chief, Obstetrics and Gynecology, Phila- 
delphia General Hospital; Chief, Obstetrics and 
Gynecology, Delaware County Hospital, Drexel 
Hill, Pa., New York, Grune & Stratton, 1953. 
149 pages, 82 figures, 2 tables. $6.75. 


Fonocardiografica Clinica Manuale Pratico per 


Medici e Studenti. A. Canigglia. Con prefazione 
del Prof. Guido Izar. Torini, Italy, Edizioni 
Minerva Medica, 1953. 290 pages, 232 figures. 


An Arterial Systole. A Proposition. Charles R. 


Rossiter, M.D., Formerly, Honorary Physician 
to the Auckland General Hospital, New Zealand. 
Auckland, New Zealand, Printed by Wright & 
Jaques Ltd., 1953. 18 pages, 3 figures. 








AMERICAN HEART ASSOCIATION, INC. 


44 East 23rp Street, New York 10, N. Y. 


Telephone GRamercy 7-9170 


SCHEDULE OF ANNUAL MEETINGS 
Staff Conference of Heart Associations 


The annual meeting of this body, which is 
composed of executive directors and other staff 
members of affiliated Heart Associations and 
their chapters, will be held at the Hotel Mor- 
rison, Chicago, from Sunday, March 28, 
through Wednesday, March 31. 


Assembly and Council Meetings 


The annual meeting of the Assembly will take 
place on Thursday, April 1, and Friday, April 
2, at the Conrad Hilton Hotel in Chicago. 
Panel discussions will be held throughout the 
day on April 1. The Assembly’s annual luncheon 
will also be held on Thursday. On the morning 
of Friday, April 2, the Assembly will meet in 
general session and will elect officers and 
directors. 

Friday afternoon will be devoted to a pro- 
gram on rheumatic fever to be presented by 
the Council on Rheumatic Fever and Con- 
genital Heart Disease, which will be followed 
by a panel discussion. 

The first annual meeting of the newly formed 
Council on Community Service and Education 
will be held on the morning of Saturday, April 
3, at the Conrad Hilton Hotel. 


Annual Dinner 


Presentation of Gold Heart Awards will be 
made at the Annual Dinner, to be held at the 
Conrad Hilton Hotel on Saturday evening, 
April 3. 


SCIENTIFIC PROGRAM OF SECTION 
ON CLINICAL CARDIOLOGY 


Following are the titles of papers, panels and 
other features which will be presented during 
the special scientific program of the Section on 
Clinical Cardiology, to be held at the Conrad 
Hilton Hotel, Chicago on April 3 and 4, follow- 
ing the Annual Meeting of the Assembly. 


First MEETING 
9:00 A.M., Saturday, April 3 
Chairman: A. Carlton Ernstene, Cleveland 


1. Special lecture, Metabolism of the Myocardium. 
W. F. H. M. Mommaerts, Cleveland. 

2. Value of Routine Testing of Hypertensive Pa- 
tients for Pheochromocytoma. David C. Hum- 
phrey and A. Carlton Ernstene, Cleveland. 

3. Traumatic Aortic Aneurysms. Edwin M. Goy- 
ette, Hu A. Blake, James H. Forsee, Henry 
Swann IT, Denver. 

. Lowering of Serum Cholesterol by the Adminis- 
tration of Plant Sterols. Maurice M. Best, Ed- 
ward J. VanLoon, Charles H. Duncan and Joan 
D. Wathen, Louisville, Ky. 

. The Long-Term Prognosis Following Myocardial 
Infarction. Louis N. Katz, David R. Cole, and 
Evelyn B. Singian, Chicago. 

}. The Spatial Vectorcardiogram in Acute Coro- 
nary Insufficiency and Acute Myocardial Infare- 
tion. Richard 8. Cosby, John Talbot, David C. 
Levinson and George C. Griffith, Pasadena, 
Calif. 

. Panel Discussion: Cardiac Arrhythmias. Howard 
B. Sprague, Boston, Moderator. 


SEconD MEETING 
1:30 P.M., Saturday, April 3 
Chairman: Wright R. Adams, Chicago 


8. Special lecture, Advances in the Surgical Treat- 
ment of Arterial Disease. Norman E. Freeman, 
San Francisco. 

9. Does Mitral Stenosis Recur after Commissurot- 
omy? Robert P. Glover, Thomas J. E. O’Neill, 
Philadelphia. 

. The Relationship Following Mitral Commis- 
surotomy of Cardiac Findings to So-Called 
Functional Results. Louis A. Soloff, and Jacob 
Zatuchni, Philadelphia. 

. Analysis of Successes and Failures after Mitral 
Valve Commissurotomy. Robert L. Grissom, 
Luke Pascale, Angelo P. Creticos, and Louis A. 
Selverstone, Omaha. 

. Clinical Appraisal of Immediate and Late 
Hemodynamic Effects of Mitral Commissurot- 
omy. R. L. Parker, H. B. Burchell, E. H. Wood, 
and John W. Kirklin, Rochester, Minn. 

. Left Atrium Pressure Pulses in Mitral Valve 
Disease. Don L. Fisher, Theron B. Childs, 
William B. Ford, and Edward M. Kent, Pitts- 
burgh. 
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14. Panel Discussion: Prevention of Complications 
of Myocardial Infarction. George C. Griffith, Los 
Angeles, Moderator. 


THIRD MEETING 
9:00 A.M., Sunday, April 4 
Chairman: Wright R. Adams, Chicago 


15. Special lecture, Angiocardiography. Charles T. 
Dotter, Portland, Ore. 

16. Valvular Pulmonic Stenosis: Clinical and Physio- 
logic Response to Open Valvuloplasty. 8. Gilbert 
Blount, Jr., Malcolm C. McCord, and Henry 
Swan, Denver, Col. 

7. Pulmonary Arterial Hypertension with Mark- 
edly Increased Pulmonary Resistance. The Pul- 
monary Vascular Obstruction Syndrome. Alex- 
ander 8. Nadas, Joseph G. Cutler, Walter T. 
Goodale, Boston. 

3. Diagnosis and Treatment of the ‘Malignant’’ 
Type of Patent Ductus Arteriosus in Infants. A 
Clinical, Angiocardiographic and Cardiophysio- 
logic Study of Twelve Patients. Benjamin M. 
Gasul, Egbert H. Fell, Carl J. Marienfeld, and 
Robert F. Dillon, Chicago. 

9. Marfan’s Syndrome: A Study of the Cardio- 
vascular Aspects in About 50 Affected Kinships 
with a Total of Over 100 Affected Individuals. 
Victor A. McKusick, Baltimore. 

. Panel Discussion: Pathogenesis of Atheroscle- 
rosis. Edgar V. Allen, Rochester, Minn., Mod- 
erator. 

. Business Meeting—NSection on Clinical Cardiol- 
ogy. 


FourtH MEETING 
1:30 P.M., Sunday, April 4 
Chairman: A. Carlton Ernstene, Cleveland 


22. Antibiotic Therapy of Bacterial Endocarditis V. 
Subacute Enterococeal Endocarditis: Clinico- 
Pathological and Therapeutic Considerations of 
30 Cases. J. E. Geraci, W. J. Martin, and J. M. 
Needham, Rochester, Minn. 

23. Presentation of Lasker Award to A. Szent- 
Gyorgyi, Woods Hole, Mass. by Irving §S. 
Wright, New York. 

. Lewis A. Conner Lecture: An Introduction to 
Atherosclerosis. Irvine H. Page, Cleveland. 

. Microsound Analysis of Heart Sounds and Mur- 
murs as a Diagnostic Aid. Simon Rodbard, 
Chicago. 

26. The Relationship of Cardiovascular and Renal 
Function to the Formation of Edema in Con- 
gestive Heart Failure. William Hollander, 
Walter E. Judson, Boston. 

. Cor Pulmonale, Polycythemia, and Heart Fail- 
ure. Hans H. Hecht, Walter R. Gaylor and 
David H. Stein, Salt Lake City. 

:. Panel Discussion: Electrolytes and Heart Fail- 


ure. J. Russell Elkinton, Philadelphia, Moc- 
erator. 


SECOND WORLD CONGRESS OF 
CARDIOLOGY AND 27TH 
SCIENTIFIC SESSIONS OF 

AMERICAN HEART ASSOCIATION 


Deadline for Abstracts 

United States and Canadian investigato: ; 
desiring to present papers at the combine | 
meeting of the Second World Congress « 
Cardiology and the Twenty-Seventh Scientifi 
Sessions of the American Heart Associatior 
scheduled to be held in Washington, D. C. 
on Sept. 12 through 17, 1954, are reminded tha 
the deadline for receipt of titles and abstracts i 
April 1. These should be sent to Charles D 
Marple, M.D., Medical Director, America 
Heart Association, 44 East 23 Street, New Yor! 
10. Abstracts should be submitted in duplicat 
and should not exceed 200 words in length. The: 
should be typed double-spaced, with wide mar 
gins, on one side of the sheet only. 


Membership Applications 

Applications for membership in the Congress 
will continue to be received, according to an 
announcement by L. W. Gorham, M.D., 
Secretary-General. A booklet containing a 
membership application form and detailed 
information concerning the Congress is avail- 
able from the Secretary-General at 44 East 
23rd Street, New York 10. 

Early application will facilitate proper atten- 
tion to delegates’ wishes concerning hotel accom- 
modations and attendance at social functions. 

A registration fee of $25.00 has been estab- 
lished for the combined World Congress and 
Scientific Sessions. Although it has been cus- 
tomary in previous years to waive registration 
fees for professional members of the American 
Heart Association attending the annual Scien- 
tific Sessions, the heavy expenses entailed by 
the enlarged and integrated sessions of the 
forthcoming Congress and the many events 
associated with an international meeting of 
this kind require that a fee be charged this 
year. The $25.00 fee entitles members to attend 
all scientific sessions, the opening reception, 
formal banquet and other social events planned 
for Congress delegates, the exhibits and special 
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ightseeing tours to medical installations in 
Nashington and its environs. Also included are 
he printed program, directory of registrants, 
Congressional badge and other items. 

Associate membership (wives and family) 
has been arranged at a cost of $15.00. It will 
include all privileges mentioned above except 
the printed program. A schedule of reduced 
fees has been provided for limited attendance 
and for attendance by such groups as medical 
students, interns and nurses. 
Exhibits 

Scientific and industrial exhibits have been 
planned for the Congress, as well as a motion 
picture program of professional and scientific 
films on cardiovascular subjects. Those wishing 
to present scientific exhibits or films should 
communicate with Charles D. Marple, M.D., 
Medical Director of the Association. Industrial 
firms interested in presenting an exhibit should 
communicate with the Exhibit Manager, 
Steven K. Herlitz, 280 Madison Avenue, New 
York 16. 

ENERGY STUDIES OF FARM WORK 


The Indiana Heart Foundation, an affiliate 
of the Association, and Purdue University, 
Lafayette, Ind., have initiated a $130,000, five- 
year study to provide information on the energy 
requirements of different types and methods 
of farm work. The objective is to provide data 
which will assist physicians and other advisers 
in counseling with rural workers suffering 
from cardiovascular disease, and to establish a 
basis for work simplification technics of benefit 
to cardiac farmers. The study is being directed 
by Lowell 8. Hardin, Professor of Agricultural 
Economics, and M. X. Zarrow, Professor of 
Physiology, Purdue University. 


FILM SERIES ON CONGENITAL 
MALFORMATIONS 

The series of three 16 mm. sound films en- 
titled ‘Congenital Malformations of the 
Heart,” produced in color by the Department 
of Medical Illustration, University of Wash- 
ington, Seattle, is now available for rental from 
the Association’s Film Library. The three films 
of the series, each of which may be shown inde- 
pendently, are intended for use as teaching films 


for students of embryology, medical students 
or nurses, and may also serve as a review for 
general practitioners and other physicians 
interested in cardiac malformations. Part I 
of the series (15 minutes in length) is entitled 
“Development of the Normal Heart,” and was 
prepared by Robert J. Rushmer, M.D., and 
Richard J. Blandau, M.D. Part II (14 min- 
utes) covers Acyanotic Congenital Heart Dis- 
ease, and Part III (30 minutes), Cyanotic 
Congenital Heart Disease. The latter two films 
were prepared by Robert J. Rushmer. Sets of 
supplementary slides in Kodachrome accom- 
pany each film, together with an explanatory 
outline. 

Rental charges for each of the films (with 
its supplementary slides) are $3.25 per week 
plus shipping charges. Orders for rental should 
be directed to the American Heart Association 
Film Library, 13 East 37th Street, New York 
16, N. Y., one month in advance of the desired 
showing date. The films may also be purchased 
from The Film Center, University of Wash- 
ington, Seattle. Parts I and II cost $115.00 
each; Part III, $195.00. Prices of the supple- 
mentary slides are as follows: Part I, $4.50; 
Part II, $3.00; Part III, $5.10. If bought as a 
unit, the three sets of slides cost $10.00. 

PROCEEDINGS OF HIGH BLOOD 
PRESSURE RESEARCH COUNCIL 

The Proceedings of the 1953 Annual Meeting 
of the Council for High Blood Pressure Re- 
search, American Heart Association, have been 
published and are now available from the 
American Heart Association or local Heart 
Associations. The volume, which costs $2.00, 
includes five reviews of recent original investi- 
gative work presented at the 1953 Annual 
Meeting of the Council, held in Cleveland last 
May. The authors are R. W. Sevy, Georges M. 
C. Masson, Simon Rodbard, D. M. Green and 
George A. Perera. The subjects covered include 
the relations between hypertension and the 
anterior pituitary, the adrenal cortex, renin, 
salt-water balance, sodium metabolism and 
electrolyte metabolism. 

The 1953 Proceedings is the second volume 
in a projected series. The first volume, the 
Proceedings of the 1952 meeting, is still avail- 
able, at a cost of $1.75, paper-bound. 
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UNIVERSITY OF MINNESOTA COURSE 

A continuation course in cardiovascular 
diseases for general practitioners will be con- 
ducted at the Center for Continuation Study 
at the University of Minnesota, Minneapolis, 
on March 22 through March 24. Samuel A. 
Levine, M.D., Clinical Professor, Harvard 
University Medical School, Boston, will 
participate in the course and will also present 
the annual George E. Fahr Lecture on March 
23. The course, sponsored jointly by the Uni- 
versity of Minnesota and the Minnesota Heart 
Association, will stress management of practi- 
cal problems in the cardiovascular field. It will 
be presented under the direction of C. J. 
Watson, M.D., Professor and Head, Depart- 
ment of Medicine, University of Minnesota 
Medical School. Additional information may 
be obtained from the Center for Continuation 
Study. 


COURSES IN PEDIATRIC CARDIOLOGY 

Three postgraduate courses in pediatric 
cardiology, intended for pediatricians, inter- 
nists, general practitionersand roentgenologists, 
have been scheduled for presentation twice 
during 1954 by the Cook County Graduate 
School of Medicine, Chicago. They will be 
conducted by Benjamin M. Gasul, M.D., 
Egbert H. Fell, M.D., and associates. 

Course I, entitled ‘Diagnosis and Treat- 
ment of Congenital and Rheumatic Heart Dis- 
ease in Infants and Children,’’ will be held for 
one week beginning April 19 and again on 
October 18. Course II, ‘“Roentgenology and 
Electrocardiography in Heart Disease in 
Infants and Children,” will be held for three 
days beginning April 26 and October 11. 
Course ITI, ‘““Angiocardiography and Catheteri- 
zation of the Heart and Great Vessels in the 
Diagnosis of Congenital and Acquired Mal- 
formations in the Hearts of Infants and Chil- 
dren,” will be given on three days beginning 
April 29 and October 14. Additional informa- 
tion may be obtained from the Registrar, 707 
South Wood Street, Chicago 12. 


CONFERENCE ON MICROCIRCULA. 
TORY PHYSIOLOGY AND 
PATHOLOGY 


The First Conference on Microcirculatory 
Physiology and Pathology will be held April 8-9 
at the University of Texas, Galveston, under 
the sponsorship of the American Association of 
Anatomists. This conference will be devoted to 
techniques which can be used to study the 
blood flow and vessels with the microscope. 
Future conferences will discuss permeability, 
hemodynamics, pharmaco-dynamics, etc., of 
the vessels through which exchange occurs. 
Additional information concerning the meeting 
may be obtained from the Chairman, Edward 
H. Bloch, Western Reserve University, Cleve- 
land 6. 


MEETINGS 


March 22-25: American Academy of General 
Practice, Annual Meeting; Cleveland, Ohio; Mr. 
Mac F. Cahal, Secretary, 406 W. 34th Street, 
Kansas City 2, Mo. 

March 24-26: National Health Forum, National 
Health Council; Hotel Roosevelt, New York; 
Philip E. Ryan, Executive Director, 1790 Broad- 
way, New York 19. 

April 1-4: American Heart Association, Thirtieth 

Annual Meeting ; Conrad Hilton Hotel,Chicago. 

April 1-2: Assembly of the American Heart 
Association 

April 3: Annual meeting and program of 
Council on Community Service and Edu- 
cation 

April 3-4: Scientific Sessions of Section on 
Clinical Cardiology of Scientific Council, 
American Heart Association 

April 5-9: American College of Physicians, Annual 
Meeting; Conrad Hilton Hotel, Chicago; Mr. 
E. R. Loveland, Secretary, 4200 Pine Street, 
Philadelphia 4. 

April 27: Annual Spring Scientific Session, New York 
Heart Association; New York Academy of Medi- 
cine, 2 East 103rd Street, New York. 

June 14-18: Canadian Medical Association, Van- 
couver, B.C. T.C. Routley, M.D., General 
Secretary, 244 St. George St., Toronto 5, Ont. 

July 20-24: International Conference on Thrombosis 
and Embolism, Basle, Switzerland; W. Merz, 
M.D., Honorary Secretary, Chief Medical Officer, 
Gynecological Clinic, University of Basle, Basle. 
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